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VARIATIONS SPECIFICITY AND VIRULENCE 
PNEUMOCOCCI DURING GROWTH VITRO. 


HOBART REIMANN, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research.) 


(Received for publication, January 27, 1925.) 


Variations the agglutinability and virulence certain strains 
pneumococci have long been noticed. 


Neufeld (1) reported 1902 that strain which had previously been agglu- 
tinated his immune serum, after had been grown for long time artificial 
media, failed agglutinated. the same time had become avirulent. 

more recent years much work has been carried concerning the specificity 
the various types pneumococci. this work the strains chiefly studied have 
been those freshly isolated from the human body and the constancy the im- 
munological specificity these strains over prolonged periods time has seemed 
truly remarkable. For instance, strain has been continuously cultivated the 
Hospital The Rockefeller Institute for years and has retained its type 
specificity unaltered under the conditions prevailing the laboratory. However, 
attention has been drawn from time time the possibility modifications 
specificity occurring when certain strains are grown under unusual conditions. 
The observation Neufeld already mentioned and similar finding Cotoni (2) 
1912 suggested such occurrence. 1915 Friel (3) found that when pneumo- 
cocci were grown immune serum they became less virulent and became agglu- 
tinable and phagocytable normal rabbit serum. About the same time Stryker 
(4) showed this laboratory that when specific virulent strain was grown 
homologous immune serum lost its specific agglutinability, the virulence was 
decreased, and the power produce capsules was inhibited. She found that 
passage throygh few animals the strain regained its original properties. How- 
ever, she was not studying strains derived from single cell. More recently 
Yoshioka (5) has drawn attention the fact that when pneumococci are grown 
under certain unusual conditions, unfavorable media, 39°C., when 
cultures are allowed undergo drying, variations serological reactions appear. 
The changes noted were decrease agglutinability homologous serum and the 
appearance tendency agglutinate heterologous serum. the same time 
the strains became less virulent. also found that these modifications did not 
appear simultaneously all the bacteria the cultures, but that when cultures 
undergoing modifications were plated, the bacteria from certain colonies showed 
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these alterations greater lesser degree, while the bacteria from other 
colonies remained constant. also detected certain characteristic features 
the colonies permitting the differentiation the original and variant organisms. 
1921 Arkwright (6) observed that, under certain conditions, variations occur 
old cultures bacilli the intestinal group, and described two forms 
colonies. designated one type the colony account its smooth sur- 
face, and the other type colony account its rough and 
face. Similarly Kruif (7) has demonstrated two kinds colonies cultures 
one growing diffusely broth and being highly virulent 
for rabbits, and the other type, growing granularly broth and having low 
virulence for rabbits. These types remained constant and retained their charac- 
teristics during prolonged cultivation serum and plain broth. Cowan (8) has 
also observed colony differences cultures streptococci. She found that 
bacteria from the smooth form colony were virulent, and those from the 
rough form colony were avirulent for laboratory animals. Bacteria from 
the different types colonies also differed greatly antigenic properties. 
Andrewes (9) has noted two varieties colonies cultures bacteria the 
Salmonella group. found that all the colonies belonged one the other 
two sharply defined groups. Although the colonies could not differentiated 
morphologically, bacteria grown from these colonies were found differ markedly 
agglutinogenic action. Blake and Trask (10) stated that differences are demon- 
strable among the organisms given strain pneumococci. These observers 
have found three distinct forms colonies. The bacteria from colonies one 
the forms differ from those the other forms virulence and agglutinability. 
Griffith (11) has also studied the colonies pneumococci and the modifications 
produced growing pneumococcus homologous immune serum. When 
grown under these conditions are plated there appear two forms 
colonies which designated and considers the form 
colony that the original unchanged organism, and colony that 
variant arising under the unusual conditions growth. colonies have 
smooth surface and the bacteria forming them produce specific soluble substance 
broth culture, agglutinate with specific serum, are virulent for laboratory 
animals, and injection into rabbits stimulate the production immune sub- 
stances. colonies have rough surface and the bacteria which form this 
type colony produce specific soluble substance, agglutinate atypically, and 
are avirulent. Bacteria the colonies may revert all respects those 
the form, they may remain stable for many generations. For detecting 
these differences colonies recommended opaque chocolate agar which 
red cells treated with chloroform were added. 


the present study are recorded certain observations the varia- 
tions induced pneumococci growth artificial media, and the 
results attempts correlate these differences. 
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Methods. 


strain Type pneumococcus was used all the experiments. The original 
culture killed white mice dose cc. young broth culture. 

The bacteria were grown plain bouillon, and bouillon which varying 
concentrations bile, homologous heterologous immune serum were added. 

Successive transfers were made inoculating 0.5 cc. hour culture 
into cc. the medium. 

Repeated transfers the culture were also made media containing bile. 
well known, bile lytic for virulent pneumococci, but has found that 
gradual adaptation growth media containing bile, pneumococci may live and 
even multiply the presence high concentrations bile. Repeated transfers 
were made hour intervals inoculating cc. culture into broth containing 
bile dilution 1:400. Later, the concentration bile was increased 1:200 
and 1:100, and transfers were made Finally, after transfers 
growth could maintained broth containing bile concentration per 
cent. 

For detecting differences colonies, plain agar containing per cent unheated 
rabbit blood has been used. The chocolate agar recommended Griffith has, 
our hands, not shown any superiority over plain blood agar. 

studying the characteristics colonies the plates were examined with com- 
pound microscope, with No. ocular and mm. objective. The plates were 
tilted the microscope stage that the light was reflected from the surfaces 
the colonies. Differences colonies were found most marked after 
hours incubation the blood agar plate. Colonies showing gross and microscopical 
peculiarities were selected and transferred blood agar slants for further study. 

The immunological specificity the strains isolated from individual colonies 
was tested called thread reaction. This test made follows: 0.05 cc. 
the broth culture tested added each series tubes broth con- 
taining varying amounts specific antipneumococcus sera the various types. 
The serum dilutions the broth ranged from 1:10 were 
incubated for hours. Under these conditions specific organisms homologous 
immune serum grow threads forming clumps which are precipitated the 
bottom the tube solid disc. heterologous serum they grow diffusely. 
Organisms which are not type-specific exhibit granular growth immune serum 
all types. This reaction more delicate than the reaction agglutination 
which usually employed determine specificity. 

Method Single Cell certain experiments was found important 
study cultures which had grown from single isolated bacterial cell. For this 
purpose the following method was employed. The well deeply hollow ground 
glass slide nearly filled with dextrose agar. After this becomes hard 
inoculated spreading over dilute suspension the bacteria made mix- 


Avery, T., personal communication. 


« 


590 SPECIFICITY AND VIRULENCE PNEUMOCOCCI 


ing loopful the broth culture tested with 0.5 cc. plain broth. The 
well the slide rimmed with vaseline, cover-glass placed this, and the 
preparation allowed stand for from minutes permit sedimentation 
the cocci. The slide then placed microscope stage and the cover-glass 
removed. using the high dry lens single diplococcus selected and centered 
the field. difficulty experienced locating the bacteria, which are dis- 
tinctly visible the agar. The slide fixed place the stage running 
drop immersion oil beneath it. After the objective (still focus) turned 
away from the preparation the cover-glass replaced, and the microscope with 
the slide fixed the stage placed the incubator The micro- 
scope brought out into the light from time time observe changes. For 
this purpose the cover-glass removed and the objective swung into place. 
The presence and growth any unnoticed diplococci the selected field can also 
detected during this period. After about hours the colony developed from 
the single diplococcus attains size large enough readily seen with the low 
power objective. can then easily touched with needle and transfer made 
other media. 

This method seems less tedious than some those previously devised for 
single cell isolation and requires little experience. Several difficulties, however, 
may arise; namely, (1) the cell selected may not grow; (2) other cells may pass 
unnoticed the field selected and the colonies arising therefrom may grow to- 
gether; (3) the culture may not grow when transferred other media; (4) only 

one cell time can isolated unless several microscopes are used. Neverthe- 
less, with care and moderate amount skill, growths which are quite certainly 
from single cell can obtained large percentage attempts. 


EXPERIMENTAL. 


Variations Induced Growth Plain culture was 
transferred 240 times plain broth. agar plates made from the 
last culture two forms colonies were seen. The colonies from one 
(S) were flat, thin, greenish, and translucent. Observed under the 
microscope they had smooth, shiny surface. When touched with 
platinum loop the colony appeared gelatinous consistency. 
The other kind colony (R) appeared heaped up, thicker, more 
opaque, and less green than colonies the other kind. Examined 
under the microscope the surface these colonies was dull finely 
granular. When pushed with loop the colony seemed quite coher- 
ent and moved along whole. Occasionally the colonies also 
had granular surface but was much less coarsely granular than 
that the colonies. Changes color the blood about the 
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colonies due methemoglobin formation were seen with both kinds 
colonies. intermediary varieties colonies were seen. 

the plates made from this culture the relative proportion 
colonies was approximately Cultures were obtained 


TABLE 


Clumping Reactions and Virulence Culture after 240 Transfers Broth, and 
the and Forms Derived from It. 


Whole culture after 240 


colony culture. colony culture. 
firm disc. 
disc easily broken up. 
coarse clumping. 
fine clumping. 
clumping. 
Virulence Test. 
Amount culture injected. Whole culture. culture. culture. 
1 “ 15 “ “ 16 “ “ 
0.1 50 “ 31 “ 
0.01 “ 34 “ “ 31 “ “ 


died. 
survived. 


isolation single cells from each kind colony and the bacteria 
were tested for virulence and agglutinability. Cultures from 
colonies will spoken strains and from colonies strains. 
The results tests these cultures are given Table 
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evident from the results given the table that the whole cul- 
ture which now contained both and forms had lost much the 
specificity the original culture since growth clumps now occurred 
all three types antipneumococcus sera. The .pure strain 
type-specific, growing clumps only Type serum, but the pure 
strain forms clumps when grown all three types immune serum. 
has been found that the bacteria-free filtrates the culture give 
specific precipitin reactions when added the homologous Type 
serum. the case the culture this specific precipitin reaction 
with the homologous Type serum does not occur. now well 
known (12) that this specific reaction dependent upon the presence 
the called specific soluble substance which elaborated the 
bacteria during growth. evident, therefore, that the cultures 
have lost the property producing specific soluble substance, while 
the ability produce retained the strain and probable 
that this lack specific immunological properties the strain 
related its inability produce this substance. 

The cultures killed mice doses 0.000001 cc. but the cul- 
tures failed kill mice even doses The virulence exhibited 
whole cultures apparently due the presence the virulent 
forms. 

The strains are readily soluble bile while the strains are more 
resistant the lytic action Strains both kinds coagu- 
late milk and ferment inulin. 

The individual cocci the virulent culture obtained from 
colony are typical morphology and staining reactions and show the 
presence capsule. Organisms from the avirulent? culture derived 
from colony, the other hand, vary size and morphology and 
show bizarre bacillary and irregular forms. 

Variations Induced Growth Broth Containing viru- 
lent culture was repeatedly grown broth containing dilute bile 


realized that may not absolutely correct speak these cultures 
avirulent—even the ordinary saprophytes may produce death animals under 
certain conditions. However, have found convenient, and think not 
unjustifiable, speak any strain pneumococcus avirulent when the 


injection cc. young broth culture into the peritoneal cavity mouse 
fails kill. 
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previously described. After the third transfer this medium cultures 
made blood agar plates showed two distinct forms colonies. 
These resembled closely the and forms described above, with the 
exception that colonies the form were usually much smaller than 
the colonies previously observed, and they had brownish hue. 
Colonies each kind were selected and the strains isolated from each 
form were found have properties identical with those the and 
strains previously described. 

Cultures the strain killed mice doses 0.000001 cc. but 
cc. the culture failed kill. After seven transfers bile broth, 
cc. the culture was injected into mouse which died after hours. 
From culture the heart’s blood this animal approximately 
virulent the original culture before bile treatment, but still showed 
unspecific granular growth the three types serum. After 
nine transfers broth containing bile was found plating that 
only organisms producing colonies were present. 

Variations Induced Growth Type Antipneumococcus Serum.— 
virulent Type culture was repeatedly grown plain broth con- 
taining per cent Type antipneumococcus serum. Subcultures 
plates were made from the first four transfers but differences 
colonies could detected. After the fifth transfer, few colonies 
the form were found, most these colonies being the typical 
form. Cultures from the colonies were all type-specific and they 
were all approximately equal virulence, killing mice doses 
0.000001 cc. hours. the other hand, cultures derived from 
the smaller colonies were all avirulent, failing kill mice doses 
cc., and they showed marked clumping reactions Types II, and 
III immune sera. 

After successive transfers homologous immune serum broth, the 
relative number colonies progressively increased and after the 
ninth transfer only colonies this form were present. this time 
the culture was found avirulent. 

second experiment was made with serum concentration 
per cent instead per cent the previous study. Now, even 
after the second transfer, bacteria producing colonies were found 
present. 
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Variations Induced Growth Heterologous Serum.—Of the various 
media used the attempt produce variation Type pneumococ- 
cus cultures, heterologous (Type antipneumococcus serum seemed 
the least effective. fact, this medium changes were brought 
about only after prolonged cultivation. The form colony 
appeared only small numbers after 240 transfers. 

Influence Animal Passage Cultures Containing Bacteria 
Both and Forms.—It seemed interest ascertain whether 
passing culture containing both forms through animals the form 
might made disappear. For this purpose culture was chosen 
containing preponderance bacteria the variety. cc. 
this culture was injected intraperitoneally into each five mice. The 
mice were killed with chloroform, and hours, respectively, 
after inoculation, and cultures were made from the heart’s blood 
each. These cultures were tested for virulence and agglutinability, 
and were plated, determine the relative number and forms 
present. The results these tests are given Tables and III. 

When mice were injected intraperitoneally with culture containing 
and forms, the relative number forms the cultures from 
the heart’s blood rapidly diminished and after hours the cultures 
showed only the forms present. evident that the specific- 
ity the clumping reaction directly related the relative number 

Separation and Bacteria Growth Heterologous Serum.— 
Since bacteria the forms are clumped only the homologous 
serum while the forms are less specific and are clumped heterolo- 
gous serum well the homologous serum, was found possible 
separate the two forms mixed culture growing the bacteria 
heterologous serum. Type culture containing both and 
forms was inoculated into broth containing heterologous Type 
serum. The forms grew clumps and were precipitated, while the 
forms remained suspension the supernatant fluid and plate 
cultures from the supernatant fluid showed the presence colonies 
only. 

Studies Virulence and and Forms.—The experi- 
ments previously recorded indicate that the cultures pneumococci 
derived from colonies the form exhibit not only serological specific- 


| 


595. 


HOBART REIMANN 


winias Ill II I Ill II I Ill II I It II I 


l 
a 
SS SS 


596 SPECIFICITY AND VIRULENCE PNEUMOCOCCI 


ity but possess maximal virulence for mice. the other hand, cul- 
tures from colonies the form are non-specific and avirulent. 
now seemed important determine whether these peculiar charac- 
teristics the and organisms are permanent not. 

Bacteria each form were repeatedly transferred blood agar 
and changes were observed throughout transfers. the next 
transfers, however, cultures the strain showed the presence small 
numbers colonies the form. The relative number colonies 


TABLE 


Correlation Relative Numbers and Organisms Culture, with Clumping 
and Virulence Reactions. 


Sand 1:500 dilution sera. Test for 

Antipneumococcus serum. Normal 


horse neally. 


Before inoculation 

Cultures from heart’s blood. 
4 “ “ “ ++++ 


firm disc. 

disc easily broken up. 
coarse clumping. 

fine clumping. 

clumping. 

survived. 

died. 


the form gradually increased with repeated transfers. the 
30th transfer there were about colonies colony. the 
other hand, the cultures the strain colonies were found 
even after transfers. 

Since the variety when injected into animals rapidly disappears, 
has been impossible attempt increase the virulence 
pure strain passing repeatedly through the peritoneal cavities 
mice, which the usual method for increasing ‘virulence pneumo- 
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cocci. stated, however, when cultures containing pneu- 
mococci the variety are injected intraperitoneally into mouse, 
the bacteria temporarily appear the heart’s blood and may cul- 
tivated from this source during periods hours following the 
inoculation. Therefore, cultures have been repeatedly transferred 
through mice, injecting intraperitoneally, and after hours 
making cultures from the heart’s blood and reinoculating this intra- 
peritoneally into the next mouse the series. this way culture 
has been passed through 105 mice without the virulence being in- 
creased and without any change the other characteristics being 
observed. 

Stillman (13) has shown that mice are intoxicated with alcohol 
they become more susceptible infection inhalation pneumo- 
cocci. attempt was made, therefore, render culture the 
form more virulent passing through series mice, each one 
the series receiving cc. per cent solution alcohol intra- 
peritoneally half hour before the pneumococci were inoculated. 
The inoculations were made intraperitoneally and cultures were made 
from the heart’s blood. This procedure was carried out through 
series ten intoxicated mice but increase virulence the cul- 
tures could detected. 

Wadsworth and Kirkbride (14) have shown that the virulence 
cultures artificial media can best maintained 
rapid transfers, every hours, are made, and they have shown that 
this method the virulence certain cultures may even increased. 
they were not working with cultures derived from single cell, 
probably the cultures studied contained and forms. Never- 
theless, has seemed important determine whether might 
possible restore virulence pure strain this method. 
Although the strain has been rapidly passed through many transfers 
broth, increase virulence has been found. 

Felton (15) has reported that was able restore virulence 
strain pneumococcus which had become entirely avirulent. 
started with culture from single cell and, therefore, our observa- 
tions are correct, one which consisted entirely forms. The 
increase virulence was brought about prolonged growth milk 
media, automatic transferring device being employed. These 
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observations have not repeated the necessary apparatus has not 
been readily available. 

our hands has not been possible render virulent for mice 
cultures which contained only forms. Our work indicates that 
pneumococci the variety are readily and frequently changed into 
the form. The reverse change, however, has not been observed. 
The importance this finding obvious, but the light Felton’ 
observations our conclusions cannot considered final. 

Attention should drawn the observations Webster (16) 
concerning the bacillus mouse typhoid, since his observations 
many respects bear analogy certain those recorded this 
paper. has found that mouse typhoid bacilli tend become 
avirulent, and thus far has been unable restore virulence the 
avirulent forms. has also shown that the avirulent organisms 
have certain characteristic properties regards growth, colony forma- 
tion, and immunological specificity. 


RESUME. 


The present work was undertaken study the changes occurring 
cultures pneumococcus when grown under various unusual 
conditions. 

was found that when pneumococci are grown broth containing 
immune serum bile, even normal serum, certain changes occur 
the characteristics the culture, chiefly decrease virulence and 
loss type specificity. Such changes the culture may appear even 
when the culture repeatedly grown plain broth blood agar 
plates. Further study has shown that these changes not repre- 
sent alteration all the bacteria the culture, but are brought 
about variation involving individual bacteria, probably through 
the loss certain properties. These bacteria have been found 
form colonies having characteristic features. While the colonies 
produced unmodified bacteria have smooth surface, and are more 
less sticky consistency, the colonies formed the modified 
bacteria have rough surface and are dry and friable. The former 
colonies have been designated and the latter, the atypical ones, 

When cultures are made from the colonies found that they 
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are highly virulent, the bacteria have large capsules, produce the 
called soluble substance, dissolve readily bile, and are highly type- 
specific. Bacteria cultivated from the colonies, the other hand, 
have virulence for mice, have capsules, not produce the 
called soluble substance, are somewhat resistant solution 
bile, and have lost large degree their type specificity—reacting 
all three types antipneumococcus immune serum. 

Cultures made from single cell the colony, which have 
called strains, when grown repeatedly under variety unusual 
conditions not continue composed entirely bacteria the 
form, but now may contain variable number individuals which 
have the characteristics. 

seems evident, therefore, that the pneumococci may con- 
sidered variants virulent form. the other hand, single 
cell cultures from colony have remained constant. has never 
been possible isolate organisms from the pure strain and has 
been impossible render pure strain type-specific and virulent for 
animals. 

much significance the fact that the changes occurring appear 
sudden and abrupt; bacteria showing intermediate degrees 
change have been isolated. Pure cultures the strain have 
remained virulent for mice, pure cultures the strain have 
virulence (at least under cc. culture). 

That certain cultures pneumococci may show varying degrees 
virulence seems depend upon the fact that the cultures may con- 
tain varying relative numbers bacteria the and kinds, the 
degree virulence depending the relative proportion the two 
kinds. When the culture, ordinarily the case, made 
great preponderance forms the culture highly specific and 
passing the culture through animal the bacteria present are 
rapidly removed. only when the cultures are grown under cer- 
tain conditions, such these that have employed, that the 
forms become predominant and the characteristics the whole cul- 
ture become profoundly modified. Rarely, have found our 
cultures bile medium, and homologous immune serum medium, the 
organisms may entirely eliminated and the original characteristics 
the culture cannot restored. 
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not our purpose discuss here the significance those findings 
the epidemiology pneumococcus infection. Further studies are 
required determine whether variants ever appear the animal 
body and so, under what conditions. 


SUMMARY. 


When pneumococci are grown repeatedly broth containing 
immune serum bile, they become less virulent and less type-specific. 
These changes are apparently due the fact that under the conditions 
mentioned number organisms appear which have lost certain 
properties. These variant organisms form colonies differing appear- 
ance from the colonies the and cultures made 
from the atypical colonies are avirulent and are not type-specific. 
The degree modification the original culture directly related 
the relative number organisms that have undergone variation. 
prolonged growth bile homologous immune serum varia- 
tion may have become manifest all the bacteria the cultures and 
the change then irreversible. The significance these findings 
regards the epidemiology pneumococcus infections noted. 
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JAUNDICE EXPRESSION THE PHY SIOLOGICAL 
WASTAGE CORPUSCLES. 


PEYTON ROUS, M.D., DRURY, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, February 21, 1925.) 


The coloring matter responsible for jaundice derived from blood 
pigment and, all appearance, from that The amount 
bilirubin present from day day the bile yielded animals with 
intubated common duct constitutes immediate not entirely 
accurate index the amount blood destruction, whether this 
part the consequence pathological influences, merely the result 
ordinary corpuscular wear and view this relationship, 
one may assume that, other things being equal, jaundice arising from 
bile retention will some extent conditioned its degree 
the amount blood destruction that takes place. The purpose 
the present paper bring out the fact that during obstructive jaun- 
dice the daily variations ordinary corpuscular wastage find direct 
expression like variations the bilirubinemia. This could scarcely 
the case were the bile pigment distributed throughout the jaun- 
diced organism rapidly formed; for the intercurrent variations 
amount bilirubin elaborated the absence pathological blood 
destruction are far too small registered terms general 
icterus. our observations will show, the pigment largely con- 
fined the vascular pool, even cases long-standing jaundice, 
the staining the tissues which attracts clinical attention being but 
the highly imperfect secondary manifestation blood condition. 


Technique. 


Biliary obstruction was produced series robust dogs cutting the 
common duct between ligatures. The cystic duct was also severed rule out the 
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influence the gall bladder delay The operations were conducted 
aseptically under ether anesthesia; and healing first intention was the rule. 
The hemoglobin percentage the blood, obtained from ear vein, 
and its content bilirubin were followed from day day, the hemoglobin 
Newcomer’s method, and the bilirubin that with ac- 
cessory determinations the indirect diazo might thought that 
the called direct diazo would have been more the purpose, since much 
the bilirubin accumulating the plasma obstruction brought down and 
lost the precipitation with alcohol incident the indirect occurrence 
responsible the present instance for notable and consistent underestimation 
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binemia during biliary obstruction. 


the bilirubinemia, comparison with the Meulengracht quantitation clearly 
shows (Charts and 2). But the indirect diazo had one great advantage, that 
served check upon the character the jaundice; for any pronounced hemo- 
lytic icterus, superimposed upon that due the obstruction, would, presumably, 
have given evidence itself disproportionate increase the bilirubinemia, 
measured the diazo test. For the bilirubin deriving from hemolysis comes 
down much less extent alcohol precipitation than does that accumulating 
result obstruction. complication the sort was encountered. 


Afanassiew, klin. Med., 1883, vi, 281. 
E., Deutsch. Arch. Med., 1921, cxxxvii, 38. 
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The bilirubin excreted the urine was quantitated and routine ex- 
aminations were made for evidence kidney injury (casts, albumin). There 
was most only the slight disturbance that not uncommon the first weeks 
During the early part the work some portion the hour urine 
specime was lost times the transfer the animal from metabolism cage 
laboratory. Later this was avoided avoiding the transfer. Catheteriza- 
tion was not done, whence follows that the hour output bilirubin, 
recorded, must have frequently been some part that the period immediately 
preceding. 


m 


| 


The concurrent variations hemoglobin percentage 
binemia during biliary obstruction. 


The blood-letting was accomplished aspiration from jugular vein. 
occasional animal showed from time time little blood the stool result 
hemorrhoids; the dogs remained good condition, despite the jaundice. Since 
some the animals were utilized for other purposes, which the obser- 
vations the jaundice formed necessary preliminary, considerable group 
were studied. 


Haessler, H., Rous, P., and Broun, Exp. Med., 1922, xxxv, 533. 
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Concurrent Variations Hemoglobin Percentage and Bilirubinemia. 


Charts and typical findings, obtained individual dogs, 
are depicted. will seen that, following initial period bili- 
rubin accumulation the blood, during which the curve the con- 
centration mounted steeply, this curve tended level off and fall. 
The course events found irregular expression the output 
bilirubin through the urine. Chloroform anesthesia provided 
early cause complication both the instances recorded, 
but its influence the long-time phenomena can disre- 
garded. The changes bilirubinemia corresponded notably 
time and degree with like variations the hemoglobin percentage 
the blood. Some the minor concurrent variations the two may 
well have been due alterations blood volume; but this cannot 
have been the responsible cause for the marked and sustained paral- 
lelism. Furthermore, the removal portion the circulating blood 
pigment bleeding was found have result corresponding, 
even more than corresponding, reduction the bilirubinemia. And 
long the hemoglobin percentage remained low figure, just 
long was the bilirubinemia relatively mild. With recovery from 
the anemia, the bilirubinemia curve mounted with that the 
hemoglobin (Chart 2). 

Even under the conditions that obtain immediately after obstruc- 
tion has been produced operation, when the amount bilirubin 
accumulating within the organism temporarily increased that 
derived from the destruction blood which has escaped into the 
traumatized been injured, perhaps, the anesthetic,® 
there perceived relationship between the curve the develop- 
ing bilirubinemia and the amount circulating hemoglobin. 
chart which will illustrate the fact published accompanying 

Needless remark, findings such those described can only 
expected the absence complication. pathological breaking 
down blood superimposed upon biliary obstruction would, course, 


Broun, and Rous, P., Exp. Med., 1923, xxxvii, 395. 
Drury, and Rous, P., Exp. Med., 1925, xli, 611. 
Drury and Rous,’ Chart 
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tend increase bilirubinemia while the same time lessening the 


hemoglobin percentage. the course some unpublished work one 
us, with Dr. McMaster, has made repeated injections, short 
intervals, dog hemoglobin into animals already icteric result 
obstruction. proved possible this way increase jaundice 
greatly within few hours. But the changed condition imper- 
manent; the next day rule the dogs have largely rid themselves 
the unusual accumulation pigment. During the period adjust- 
ment the animals put forth urine containing great quantities 
bilirubin. instance another sort, one which the production 
bilirubin underwent lasting increase, found the com- 
panion paper just referred to. will there seen that, following 
chloroform anesthesia such ordinarily produces only transient 
there was not only intensified bilirubinemia but 
increased elimination bile pigment the kidneys, both enduring 
for weeks, together with lowered hemoglobin percentage. The 
diazo tests the blood plasma gave indications special hemoly- 
sis. The animal was sacrificed while the phenomena were still mani- 
fest, and search made for liver lesion and, culture, for infection. 
Neither was found. 

Incidental mention has already been made the fact that when the 
circulating hemoglobin the dogs with biliary obstruction was de- 
pleted bleeding, there was sometimes more than corresponding 
reduction the bilirubinemia (Charts and 2). This overreduction 
permanent with the alteration the hemoglobin percentage, and 
hence cannot referred merely the loss bilirubin involved 
removal the blood. similar overreduction takes place the 
bilirubin output bile fistula animals association with intercurrent 
reductions the hemoglobin, conservation the latter pigment 
within the organism being presumably responsible Whether 
this explanation will hold the present case not certain from the 
data thus far assembled. such relation the fact has interest that 
the rise the curve bilirubinemia during recovery from the 
anemia outstrips the rise hemoglobin percentage just does that 
the output bilirubin under similar circumstances intubated 
dogs. 


10Drury and Chart 


ay 


606 JAUNDICE AND WASTAGE CORPUSCLES 


That the distribution retained bile pigment throughout the body 
takes place slowly evident from the disparity the tissue icterus 
and blood icterus following obstruction the common duct. Colo- 
ration the tissues follows upon mounting bilirubinemia more 
tardily dogs than human beings, often not being evident for 
nearly week. There have been claims that sometimes does not 
occur all; and certainly varies much from individual individ- 
ual, as, for that matter, one may suppose the corpuscular wastage 
do. have made attempt prevent any development 
jaundice rendering animals markedly anemic prior the tying 
the common duct; but always put appearance after time. 


The Distribution the Pigment Causing Jaundice. 


The bilirubinemia present any special moment jaundiced 
creature must thought expression not only blood destruc- 
tion but balance between the rate bile pigment formation and 
the rates its distribution and ultimate disposition. Not impos- 
sibly some may converted other substances within the tis- 
but since nothing positive known such happening, 
must necessity dismissed from attention. excretion this 
much can said, that when the hepatic outlet for bilirubin has been 
blocked the main path for the renal, though there escape, 
quantitatively negligible, into some the other secretions and into 
the intestinal tract. While large quantities bilirubin may, 
occasion, voided through the kidneys, under the best circum- 
stances the organism cannot freed this way, even 
animal such the dog which the renal threshold for the pigment, 
all practical purposes, does not exist. general the intensity 
bilirubinemia varies directly with bilirubinuria, though expressing 
the latter This rule will observed hold the 
instances charted for the present paper. 

The relationship between bilirubinemia and tissue icterus not yet 
clearly understood. Our findings give good reason for the supposition 
that barrier the distribution bilirubin must exist somewhere 
between the blood and tissues. How else can one account for the 
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detailed parallelism between the hemoglobin and the bilirubinemia 
curves—a parallelism which could never exist the way the tis- 
sues were open? That bile pigment from hemolytic sources fails 
pass into the urine with the ease that accumulating the result 
frank obstruction recognized; but during the present series experi- 
ments had with pigment the latter sort. Though rela- 
tively diffusible type, this passes with great difficulty into the lymph, 
our tests have shown. Animals with established and practically 
unvarying tissue icterus, result long continued biliary obstruction, 
were etherized, and specimens lymph from mesenteric lacteals and 
from retroperitoneal lymphatics were collected directly into sharp- 
pointed, curved pipettes direct puncture the thin walled vessels. 
Limpid specimens sufficient bulk for comparison with the blood 
plasma were readily obtained this way. quantitative 
estimations were made because none was necessary, the amount 
bilirubin the pale yellow lymph being evidently far less than that 
the deep yellow plasma. The findings dogs injected intra- 
venously few minutes beforehand with sodium indigotate provided 
enlightening contrast, the concentration this highly diffusible 
dyestuff being the same the lymph specimens the blood. 

Such observations enable one comprehend the character the 
pigment distribution during jaundice. result normal and, 
often, pathological, wastage red cells bilirubin formed into 
the blood stream, from which passes only with great difficulty the 
tissue fluids. That portion which not retained the tissues 
eventually finds way back the blood through the lymph channels. 
Thus both initial and secondary accumulation the pigment 
tends confined the vascular pool. The development tissue 
icterus after obstruction gradual, not only because bilirubin ac- 
cumulates gradually, but because there effective barrier general 
distribution the pigment from blood tissues. Its disappearance 
swift when the obstruction has been relieved, both consequence 
special liver activity’ and because there barrier the passage 
from tissues and blood, the thoracic duct providing open road. 

All this being true one might suppose that injury the blood ves- 
sels would lead increased tissue icterus facilitating the escape 
bilirubin. actual case. dogs jaundiced the result 
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obstruction there may seen local intensification the icterus 
where the skin inflamed, and similar occurrence has often been 
reported human beings. The evidence provided such instances 
not unequivocal, however, for the damaged tissues might well have 
taken more pigment than usual out lymph similar content 
that normal situations. The yellow urticaria sometimes occur- 
ring during jaundice which Schiirer gave the name skin 
writing” provides better example. has recently sur- 
veyed the literature the phenomenon. While some instances 
would seem result merely from local accumulations lymph holding 
bile pigment the same quantity elsewhere, others one must 
suppose that the blood vessels have been affected locally let 
bile pigment through. The possibility that fulminant general 
icterus may sometimes consequent, part, abnormal per- 
meability the vessels for the accumulating bile pigment worth 
consideration. 


SUMMARY. 


The jaundice that develops after obstruction the common duct 
the absence complications, expresses the physiological wastage 
corpuscles occurring from day day; and the intensity the bili- 
rubinemia varies does the total functioning hemoglobin-contain- 
ing tissue from which this wastage takes place. There 
observed constantly readjusted direct relationship between hemo- 
globin percentage, bilirubinemia, and, corollary, bilirubinuria. 
Induced losses red cells find expression once lessened accu- 
mulation and excretion bile pigment; and the regeneration 
hemoglobin takes place the amount bile pigment increases pari 
passu both plasma and urine. The jaundice bile retention far 
less pronounced during secondary anemia than when the individual 
full blooded, other things being equal. 

During uncomplicated obstructive jaundice the intercurrent changes 
bilirubinemia correspond closely with those circulating hemo- 
globin even when tissue icterus long standing. The fact indi- 


J., Deutsch. med. Woch., 1922, 593. 
Jadassohn, J., med. Woch., 1923, xlix, 1544. 
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cates the presence barrier the distribution bile pigment 
from the blood, and such barrier found the walls the 
vessels. Its influence once evident comparing lymph speci- 
mens and blood specimens from the long jaundiced animal. The 
amount bile pigment the lymph then seen negligible, 
relatively speaking. Tissue icterus should thought as, ordi- 
narily, the highly imperfect secondary expression condition which 
tends localized the blood pool. occasion more pigment 
than usual may escape from this pool, for example into the wheals 
the yellow urticaria described clinicians. 
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SUPPRESSION BILE RESULT IMPAIRMENT 
LIVER FUNCTION. 
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(Received for publication, February 21, 1925.) 
all practical purposes suppression bile has taken place 


whenever the secretion fails reach the intestine. But would 
best, the interests clearness, apply the term only instances 


which evidence mechanical obstruction outflow can 


found. Whether such obstruction exists another matter. large 
body workers believe that always does whenever bile flow stops, 
whereas second group equal influence hold that genuine cessa- 
tion liver activity concerns the secretion bile not infrequently 
occurs. the present paper shall report and examine example 
biliary suppression for what may worth connection with 
this conflict opinion, but more especially for its importance the 
interpretation clinical experience. The suppression referred 
consequent the liver damage caused chloroform. 


Bile Suppression after Chloroform Anesthesia. 


When prolonged chloroform anesthesia has been induced dogs 
intubated for the collection the total bile under sterile conditions, 
there ordinarily follows noteworthy change the character the 
secretion. Four typical instances are recorded Table (Chart 1). 
The methods for determination the data have been described 
other The bile the first hours after the anesthesia 
usually somewhat though not greatly less amount than before; 
and the amounts pigment and cholesterol are also lessened. Secre- 


D., Broun, O., and Rous, P., Exp. Med., 1923, xxxvii, 
395. McMaster, D., Exp. Med., 1924, xl, 25. 
The cholesterol estimations were kindly carried out for Dr. 
McMaster. 
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tion during the next hours greatly diminished, and too with 
the concentrations bilirubin and cholesterol, whence follows 
that the total output these materials frequently becomes negligible. 
the injury has been lethal, the animal usually dies the 2nd 
3rd day. The fluid secreted during the period when 
bund has usually none the characters bile, being colorless, 
cholesterol-free, and free from cholates Hay’s test. When re- 
covery follow there takes place, during the third hours, 
abrupt return toward the previous average the amounts bile, 
bilirubin, and cholesterol; and within days thereafter secre- 
tion has assumed the general characters that observed before the 
chloroform was given. When but little the anesthetic has been 
administered, and the animal consequence does not appear ill but 
lively and with good appetite, striking alterations the bile may 
yet occur the sort described. Should hemorrhages into the tissues 
take place, not infrequently happens, blood cells may appear it. 

For years the fact has been recognized that agents damaging 
the liver the blood act more less incidentally diminish the 
bile and alter its character. the classic instances phosphorus 
and toluylenediamine injury there often noted period 
which the ducts are choked with glairy, more less opaque, material 
wherein the formed débris liver and duct inflammation may 
the jaundice consequent frank hemolysis 
natural injection the smaller ducts with heavily pigmented, 
tenacious secretion encountered. Were the findings after chloro- 
form either these, they would merit passing mention only. But 
they are not. The abnormal fluid secreted the liver watery 
type instances, more syrupy than are many specimens 
ordinary duct bile when the bulk the secretion diminished 
through physiological causes; and careful examination fresh and 
stained sections fails disclose any material making for obstruction 
the ducts. Bile thrombi are notably rare scrapings from the 
hepatic parenchyma; and only exceptionally any cellular débris 
recovered from the secretion. Occasional desquamated cells 
from the ducts, red cells, and even parenchymal elements may then 
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found; but usually leucocytes bacteria. all immediate 
intents and purposes the phenomenon one acute bile sup- 
pression. 


Factors Concerned the Suppression. 


Injury from chloroform often attended jaundice, but the 
absence complication this notably mild character. Our ani- 
mals never showed general tissue icterus. Indeed the observations 
suggested the possibility that such cells are responsible initio 
for the production bile pigment might have been functionally 
damaged that was not formed. determine the matter, total 
biliary obstruction was produced five etherized dogs cutting the 
common and cystic ducts between ligatures, and various periods 
thereafter they were anesthetized with chloroform. sixth animal was 
not chloroformed. the time when the experiments were carried 
out had not recognized the fact, brought out accompanying 
that jaundice condition largely confined the blood 
pool that intercurrent variations the amount bile pigment 
formed within the body find immediate expression terms 
bilirubinemia, even during prolonged jaundice. seemed likely 
that any alteration the rate formation bilirubin, induced 
chloroform animals already jaundiced, would masked, far 
bilirubinemia was concerned, immediate redistribution the 
pigment already present the bile-suffused organism. For this 
reason the majority the dogs were given chloroform soon after 
obstruction had been produced, the assumption that acted 
inhibit bile pigment formation there would delay the 
development the bilirubinemia inevitable the retention. The 
findings are given Charts and blood bilirubin was fol- 
lowed both the Meulengracht and the indirect van den Bergh 
methods, the discrepancy the results with the two being due the 
amount pigment lost the sediment the van den Bergh tech- 
will seen that, far from acting diminish bilirubinemia, 
the chloroform brought about notable temporary increase it. 
This was true even cases which tissue icterus had become well 
established (vide Chart 3). The increase bilirubinemia was most 


P., and Drury, R., Exp. Med., 1925, xli, 601. 
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has interest for the present work. the case two the animals depicted another 
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pronounced within hours the three instances which judgment 
upon the point possible (Chart Dogs and 17; Chart 3), that 
say before any marked changes would have been evident the bile 
itself had there been obstruction. The increase the renal out- 
put concurrent with the increase the amount the 
pigment the blood sufficiently proves that the latter cannot have 
been due accumulation result lessened elimination through 
the kidneys. view the known relationship bilirubin formed 
hemoglobin and the direct effect the intensity jaun- 
dice day-to-day alterations corpuscle wastage,* one may suppose 
chloroform anesthesia responsible for practically immediate 
blood destruction. The occasional finding intubated dogs, that, 
against the rule, the bile elaborated soon after chloroform for 
brief period more pigmented than before may laid this cause. 

chloroform does not act diminish the activity the cells 
fundamentally concerned the production bilirubin, how then 
does act bring about jaundice? affect the ability the 
liver secrete bile? Assuredly does the case much the 
parenchymal tissue for kills this outright. Chloroform produces 
characteristically central necrosis the liver cells, which may affect 
three-fourths more the entire our animals which 
succumbed there was always extensive liver necrosis. with 
the remaining parenchyma, considerable amount surviving ani- 
mals, that our problem lies. For this remainder, were even 
approximately normal, should more than sufficient for bile excre- 
tion, process that can effectually accomplished less than one- 
quarter the The hepatic changes induced chloroform 
have long been familiar pathologists. the height them one 
finds, animals destined survive, zone fatty degeneration about 
the central necrosis, and beyond this again border cells approxi- 
mating the normal appearance. May one assume that these cells 
are incapable secretion, or, instead, that secretion occurs but that 
the way out for mechanically blocked? The problem posed 
the long debated one functional mechanical suppression. 


H., Rous, P., and Broun, O., Exp. Med., 1922, xxxv, 533. 
Broun, McMaster, D., and Rous, P., Exp. xxxvii, 733. 
Whipple, and Sperry, A., Bull. Johns Hopkins Hosp., 1909, xx, 278. 
D., and Rous, P., Exp. Med., 1921, xxxiii, 731. 
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The gross appearance the liver, which some our cases was 
only faintly icteric, the scarcity bile thrombi scrapings from it, 
the appearance the cells, and the general character the organ 
fresh and stained sections, all, like the watery character the secre- 
tion, may taken favor the view that the bile suppression due 
functional inability. method for the demonstra- 
tion dilated and ruptured bile capillaries does not, unfortunately, 
yield results with canine But presumably one can determine 
whether there exists obstruction above which secretion takes place 
ordinarily, giving substances which are excreted into the bile, 
and are recognizable thereafter within the canaliculi—for that bile 
secretion the liver cells into the canaliculi still goes on, obstruc- 
tion obstruction, assumption essential the view that all 
suppression due such cause. order test whether goes 
during the suppression after chloroform anesthesia decided 
use sodium indigotate. 


The Suppression Indigotate Secretion. 


When solution containing indigotate given into the blood 
stream, there follows injection all the bile capillaries with 
the dye.® easy show, have done the course our 
experiments, that the injection the capillaries results from fall- 
ing out solution the indigotate. One need only make scrapings 
from the parenchyma the deeply blue liver into specimen 
bladder bile from the same animal, which has previously been satu- 
rated vitro with indigotate. Amid the resulting cell suspension 
there will found, floating free, innumerable attenuated, dark blue, 
sharp-ended, twig-like forms, sometimes branching—little casts 
the bile radicles that say. When placed salt solution these 
rapidly dissolve and one can perceive for instant afterward color- 
less shadows them, being the mucoid material carried out solu- 
tion with the indigotate. When the dye slowly injected into 
etherized animal and pieces the liver removed short intervals, 
sectioned while frozen, and examined acetone, one can follow step 
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step the blocking the radicles with indigotate throughout the 
liver lobule. When such blocking brought about intubated 
animals the small amount voided during its continuance 
may have but negligible content bilirubin and cholates. 

These preliminary findings appeared justify the expectation 
that with indigotate direct tests the mechanistic explanation 
bile suppression could carried out. But that has not 
the case. For the liver cells animals with simple biliary 
obstruction produced tying the common duct proved unable, not 
alone secrete indigotate into the bile capillaries but take 
out circulation. normal dogs receiving for each kilo cc. 
solution that contains 0.4 per cent indigotate and 0.6 per cent 
sodium chloride the liver and kidneys are regularly the most deeply 
colored organs the body, the hepatic tissue containing great quan- 
tities the dye. But when the common duct has been previously 
tied, even for short time hours, the liver contains 
indigotate whatever either such the leucobody (peroxide reac- 
tion), except course that incidental the blood content the 
organ. Instead being darker blue than the rest the dark blue 
body, the liver now stands out buff, the yellow icterus, 
from amidst its indigo-colored surroundings. such instances there 
can question but that the biliary obstruction has resulted 
derangement secretory function. This being so, tests with indigo- 
tate the condition affairs produced chloroform could have 
value. 


DISCUSSION. 


The fluid elaborated the liver injured with chloroform 
typical but one that differs significantly association 
and import from other material like character that formed under 
conditions obstruction. There kind white bile which accu- 
mulates above obstruction any duct deprived connection 
with the gall bladder connecting with one altered pathologically 
have lost the ability concentrate stasis such 
cases the colorless fluid which gradually replaces this last derived 
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from the duct system itself which elaborates similar fluid under nor- 
mal White bile also formed whenever the liver se- 
cretes against pressure Whether under the latter cir- 
cumstances the fluid comes part from the parenchyma wholly 
from the duct walls cannot said yet. None these white 
biles significant functional derangement the liver other than 
the one inevitable the condition obstruction; and that the 
derangement when occurs usually not serious follows from the 
resumption true bile secretion when the obstacle removed. 
Such instances, encountered dogs, have close resemblance 
not few which the surgeon may meet human beings, instances 
which the absence complication should have happy outcome. 

But there yet another type white bile, the occasional occur- 
rence which renders the finding any material the sort matter 
grave concern surgeons. ‘This the white bile indicative 
fundamental liver injury. One encounters dogs which chlo- 
roform has been administered. The derivation the thin, clear fluid 
then elaborated remains determined, for that matter the 
relative shares the parenchymal cells and the duct tree fur- 
nishing the menstruum normal bile. 

During acute illness which the liver not primarily concerned 
the quantity bile secreted may yet far cut down 
almost negligible. have observed the hour secretion 
intubated dog diminish from 160 cc. less than 1.0 cc. during the 
course severe But such instances there far from 
being any suppression; the fluid vehicle for the essential bile constitu- 
ents merely lessened amount. Under circumstances injury 
the liver parenchyma after chloroform anesthesia dogs, 
and clinical instances liver disease such Walters and Parham 
have essentially different state affairs prevails. 

There has been much debate how chloroform injury the 
liver comes about, and why should histologically visible only 
after lapse time. According one the eventual evidence 
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damage merely expression secondary changes taking place 
elements which were killed, severely injured, one stroke 
speak. The present findings are against this interpretation 
the facts. The progressive diminution the secretion bile and 
the occurrence suppression the period when the histological 
changes are most marked both point cumulative derangement. 

Our demonstration that even when one supposedly dealing only 
with mechanical obstruction there may superimposed functional 
biliary disturbance—a point attested the failure the liver 
parenchyma take sodium indigotate out the blood—constitutes 
additional evidence that already given for the truth the view 
that functional impairment potent cause bile suppression. 


SUMMARY. 


Prolonged chloroform anesthesia causes acute suppression 
bile, evidenced the secretion thin “white bile” from which 
bilirubin, cholesterol, and bile salts are absent. The failure the 
liver secrete bilirubin under such circumstances not due 
failure the pigment formed within the body. Indeed 
unusual amount elaborated after chloroform anesthesia because 
blood destruction. The evidence all goes show that the bile 
suppression consequent upon functional disturbance the liver, 
not upon obstruction outflow. uncomplicated biliary ob- 
struction, when the common duct tied animals otherwise 
normal, results disturbance the liver cells such that their 
secretory function impaired, shown the inability take 
and secrete sodium indigotate. 

The various circumstances under which white bile may formed 
are considered and the clinical implications the phenomenon are 
discussed. 
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preceding papers (1) has been shown that the rate which 
inhaled bacteria disappeared from the lungs varied with the species 
microorganism employed. hemolyticus may quite 
regularly recovered from the lungs normal mice for period 
hours following inhalation, and occasionally may persist long 
days. Following exposure large proportion normal mice die 
generalized streptococcus infection. Bacillus influenze may 
regularly recovered from the lungs normal mice for hours after 
spraying, while pneumococci generally disappear within few hours 
following inhalation and rarely give rise generalized infection. 
intoxicated mice, however, pneumococci persist the lungs for 
longer period, and fatal septicemia frequently results, course 
events which resembles that occurring when normal mice are sprayed 
with Streptococcus hemolyticus. non-immune mice which die 
following exposure while alcoholized atmosphere containing 
‘suspension rarely show any localization the in- 
fection the lung. Localization the pneumococcus infection 
the lungs only occurs partially immunized mice (2). 

the present paper are reported (1) further study the rate 
disappearance inhaled hemolytic streptococci from the lungs 
mice and the pneumonia produced them, (2) comparative 
study made with Bacillus friedlenderi, and (3) comparison the 
mortality and incidence pneumonia the mice following inhalation 
pneumococci, hemolytic streptococci, and Bacillus friedlenderi. 
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EXPERIMENTAL. 


Method.—White mice were used test animals. They were allowed inhale 
atmosphere containing fine bacterial mist produced spraying culture 
the organism studied. The organisms used were virulent Streptococcus 
hemolyticus and The animals were placed the spray chamber 
previously described (1) and cc. hour broth culture the test organism 
were sprayed the mice were removed from the spray box after 
exposure hour and placed glass batches ten. daily intervals 
following spraying, three mice were killed chloroform anesthesia and after 
immersion solution lysol were autopsied with sterile instruments. 
routine, piece the lung and few drops heart’s blood were separately cul- 
tured plain broth. The positive cultures were plated blood agar for further 
identification. All sprayed mice were kept under observation for period 
days following exposure. 


Persistence hemolyticus the Lungs Mice Fol- 
lowing Inhalation.—Text-fig. shows graphic form the results 
obtained culturing the lungs and heart’s blood mice killed 
daily intervals for days following spraying. 


Each black square represents single mouse from which positive culture was 
obtained, either from the lungs heart’s blood. Each cross-hatched square 
represents single mouse from which the test organisms were not recovered. Ina 
few instances, especially the cultures from the lungs, the identification the 
sprayed organism was not possible because contamination other bacteria. 
All lung blood cultures contaminated are indicated the text-figures the 
letter 


will seen that the recovery Streptococcus hemolyticus proved 
quite irregular. The organisms may recovered late the 
17th day after exposure. rule both the lung and blood cultures 
were positive, but two instances the organism was recovered only 
from the lungs, and two other animals from the blood only. 
more than one lobe had been cultured, the number positive lung 
cultures would probably have been greater. difficult explain, 
nevertheless, negative lung culture the presence positive 
blood culture. 

Tests for Contact above experiment shows that 
hemolytic streptococci may persist the lungs mice for long 
periods following Since the ability recover the bacteria 
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from the lungs might accounted for cross-infection from animals 
confined the same jar rather than the persistence the organisms 
originally inhaled, the following experiment was planned deter- 
mine the actual case. 


mice 


Forty mice were sprayed with hemolytic streptococci. Twenty were then 
placed separate jars, and the remaining twenty were equally divided between 
two jars. The mice were kept under observation for period days. the 
latter group, the animals which were not isolated, fourteen the twenty mice 
died. Hemolytic streptococci were recovered from the heart’s blood nine 
instances, that is, per cent the number exposed. the case the isolated 
animals fifteen died and Streptococcus hemolyticus was recovered from the heart’s 
blood thirteen, per cent, the twenty isolated mice. 
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From this experiment would appear that contact infection played 
part the mortality from streptococcus septicemia since that 
was even greater among the animals separately isolated. 

Infection with Streptococcus hemolyticus Following Inhalation.—It 
has been shown above that Streptococcus hemolyticus may persist 
the lungs mice for period days after inhalation and that 
cross-infection apparently will not account for this. seemed 
advisable, therefore, inquire whether actual infection the lung 
occurs these animals. total 216 normal mice were exposed 
spray containing hemolytic streptococci, and kept under ob- 
servation for period days. this number 127 died, and 
hemolytic streptococci were recovered from the heart’s blood 
108, that say per cent infection had occurred. 
these animals definite consolidation the lung was present gross 
inspection. detailed discussion the pathological lesions will 
given subsequent paper. 

Persistence Bacillus friedlenderi the Lungs Mice Following 
Inhalation.—Since Bacillus friedlenderi organism which infects 
the respiratory tract and occasionally causes pneumonia man 
attempt has been made determine the length time these organisms 
persist the lungs susceptible animals exposed infection the 
inhalation method. 

Text-fig. shown the number positive cultures obtained from 
the lungs heart’s blood normal mice killed daily intervals 
during period days following inhalation Bacillus fried- 
lenderi. seen that while this organism recovered only irregu- 
larly the mice killed during the first days following exposure, 
invariably present the lungs after the 9th day. 

Tests for Contact the preceding experiment 
evident that Bacillus friedlenderi persists the lungs mice for 
number days following inhalation. learn whether the organisms 
recovered during this period actually represent persistence the 
bacteria originally acquired, whether following the initial exposure 
reinfection occurs the result contact infection the following 
experiment was carried out. 


Thirty-eight mice were sprayed with culture friedlenderi. Nineteen 
these were placed individual jars and the remaining nineteen were divided 
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into two groups and placed two jars and observed for days. All the animals 
the individual jars died septicemia and only six the 
nineteen mice the group jars. Here also contact infection did not seem play 
any part the infection which would seem must have occurred the prelimi- 
nary exposure. 


Infection with Bacillus preceding experiments 
have established the fact that Bacillus friedlenderi may persist the 
lungs mice for period weeks following inhalation these 
organisms. That organisms acquired this way give rise actual 
infection has been brought out study the occurrence and nature 
the lesions induced. total 169 normal mice have been exposed 
atmosphere Bacillus friedlenderi. these 76, per 
cent, died bacillus septicemia. Gross consolidation 
the lung was present 32, per cent. The pathological 
histology will given subsequent paper. 

The results the experiments the inhalation hemolytic 
streptococci bacilli normal animals shows that 
these organisms,—which gain entrance the respiratory tract 
methods involving mechanical injury—not only become implanted 
the respiratory mucosa, but give rise pulmonary lesions. 
large number the exposed mice succumb septicemia, and gross 
consolidation one more lobes not infrequent. 

view the great difference the rate disappearance from the 
mouse lung pneumococci, hemolytic streptococci, and Friedlander’s 
bacilli following inhalation, comparison the relative mortality 
and incidence the induced pneumonia interest. 

Table given summary the total number mice exposed, 
the number which died with septicemia, and the incidence 
gross consolidation one more lobes. seen that only per 
cent normal mice exposed spray pneumococci died sep- 
ticemia. If, the other hand, the mice are first alcoholized and 
exposed during the stage intoxication the mortality rises 
per cent. Under neither these circumstances, however, con- 
solidation the lungs ever encountered. the case alcoholized 
mice previously rendered partially immune pneumococcus, although 
the mortality only per cent, owing doubt some persistence 
immunity despite the alcoholism, pneumonia occurs per cent 
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those dying. the case the normal mice exposed either 
hemolytic streptococci Bacillus friedlenderi, there mortality 
and per cent, respectively, which exceeds that occurring 


TABLE 


Comparative Mortality Mice Exposed Inhalation Hemolytic 
Streptococci, and friedienderi. 


Organism. Mice. Died. dation. survived. 
Pneumococcus. Normal. 326 322 
normal. 
immune. 
Streptococcus. Normal. 216 108 108 
TABLE II. 


Comparative Rate Death Following Inhalation Pneumococci, Hemolytic 
Streptococci, and friedlenderi. 


Percentage deaths. 


Organism. Mice. Died. Days. 


1-5 6-10 11-15 16-20 21-25 25-30 


normal. 
immune. 


alcoholized mice sprayed with pneumococcus, and pneumonia not 
infrequently develops. 
Another interesting feature seen the time death after 
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inhalation different organisms. Table shown the number 
deaths occurring day periods following inhalation the three 
organisms. From this table seen that while per cent the 
mice dying pneumococcus septicemia succumb within the first 
days, only per cent the streptococcus and per cent the 
mice die within the first days, the remainder succumbing 
irregularly after periods days following the inhalation. 
The greatest mortality among the mice receiving Bacillus friedlenderi 
occurs from the 6th the 10th day. 


SUMMARY. 


The results these experiments support the previous observations 
that mice react different ways the inhalation different bacteria. 
normal mice are sprayed with hemolytic streptococci Fried- 
bacillus, these organisms may recovered from the lungs 
and heart’s blood for number days after exposure. large 
number mice exposed die septicemia during the days 
following spraying. Consolidation one more lobes not rare. 
normal mice are exposed atmosphere pneumococci, how- 
ever, the organisms rapidly disappear from the lungs and only 
occasional mouse succumbs pneumococcus septicemia. order 
cause the pneumococcus invade, the mice must first alco- 
holized. mice are first alcoholized and then exposed pneu- 
mococcus atmosphere, the pneumococci persist for longer time 
the lungs and number will die septicemia, state affairs which 
resembles that seen after the administration normal mice the 
other two organisms studied. order produce pneumococcus 
lobar consolidation, however, the mice must first partially im- 
munized and then allowed inhale the organisms while under the 
influence alcohol. large percentage both the normal and 
immune mice alcoholized die within days exposure. 

There also appears definite relation between the mortality 
and the length time inspired bacteria persist the lungs. Whether 
this lag removal allows multiplication the bacteria and massive 
infection occur has not been determined. Following inhalation 
pneumococcus, the organisms were either removed rapidly and 
without apparent detriment the animal, or, the case the 
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alcoholized mice, invasion occurred, which event the mouse usually 
succumbed rapidly, localization the lung only occurring partially 
immune animals. the case the hemolytic streptococci and 
Bacillus however, the whole process removal and 
infection seems slower. Infection and pneumonia occurred 
more often. These organisms seem possess much greater invasive 
power when inhaled than the pneumococcus, though intraperitoneal 
subcutaneous inoculation, pneumococcus highly virulent for 
normal mice. 


CONCLUSIONS. 


The reaction mice inspired bacteria varies according the 
kind organism inspired. 

Mortality and actual infection bear direct relationship the 
length time the inspired bacteria persist the lungs following 
inhalation. 

Hemolytic streptococci and Bacillus friedlenderi which have 
reached the lungs normal mice following inhalation persist for 
several days. fatal septicemia with without pulmonary localiza- 
tion frequent, and death may not occur for several days following 
exposure. 

Pneumococci the other hand, rapidly disappear from the 
lungs normal mice following inhalation and rarely cause septi- 
cemia. alcoholized mice, however, the pneumococci persist 
the lungs for longer period, fatal septicemia frequent, and 
pulmonary localization the infection only occurs partially im- 
munized animals. Death occurs early, generally within days. 


BIBLIOGRAPHY. 


Stillman, G., Exp. Med., 1923, xxxviii, 117; 1924, xl, 353. 
Stillman, G., and Branch, A., Exp. Med., 1924, xl, 733. 


q 
4 
a 
q 


PATHOLOGY THE EXPERIMENTAL PNEUMONIAS 
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PNEUMOCOCCUS. 


ARNOLD BRANCH, M.D., ERNEST STILLMAN, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research.) 


PLATE 21. 


(Received for publication, February 17, 1925.) 


previous papers (1) has been shown that lesions comparable 
with those occurring lobar pneumonia man may produced 
partially immunized mice the inhalation while intoxicated 
virulent pneumococci. has likewise been shown (2) that pneu- 
monia may develop non-immune mice after exposure spray 

the purpose this paper describe the lesions produced 
mice inhalation Streptococcus hemolyticus and 
bacillus, contrast them with those found the lungs mice 
following inhalation pneumococcus; and compare them with the 
lesions present pneumonia caused these organisms man. 


Technique. 


Sections the lungs were fixed Zenker’s fluid with per cent acetic acid; 
paraffin embedding was employed; and sections were stained with eosin and meth- 
ylene blue and modified Gram’s stain. 


The Pneumonia Streptococcus hemolyticus. 


The association this organism with pneumonia human beings 
has been recognized for years and its importance has recently been 
emphasized the numerous reports the epidemics pneumonia 
occurring Army camps during the late war. Attention will 
called but one these, that MacCallum (3) who has classified 
the lesions manner applicable the present relation. 
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MacCallum divided the pneumonias into interstitial and lobular, 
combinations both forms occurring. lesions were some- 
times confluent, involving practically whole lobe. the inter- 
stitial form the initial lesion was around the bronchioles, the 
consolidated areas were peribronchial, and the peribronchial tissue 
and septa were densely infiltrated with leucocytes. There was 
tendency cicatrisation. the lobular form there was more 
exudate the alveoli, streptococci were very numerous, and necrosis 
occurred. both forms, especially the latter, the lymphatics were 
extensively involved. Blake and Cecil (4) confirmed these observa- 
tions experimentally monkeys injecting streptococci into the 
trachea. early 1899 Silfvast (5) claimed have produced 
pneumonia rabbits the inhalation streptococci. 

The present report based the examination the lungs 
mice, which pneumonic lesions occurred following inhalation 
hemolyticus. every case the organism was cul- 
tured from the lungs and the heart’s blood. 


Gross Pathology.—One more lobes were involved, the lesion some instances 
affecting the whole lobe typical lobar distribution. The earliest lesion noted 
the gross was small area pinkish grey consolidation surrounded 
irregular, narrow, dark red, hemorrhagic zone. This sometimes was around the 
hilum, but other instances peripheral. The tip the apex was sometimes 
involved, the angry red limiting zone forming ring around this portion the 
lung. Extension the consolidation occurred irregularly from this point 
that the greater part the whole single lobe was solid. noticeable early 
feature was the relatively great size that the affected lobe attained. times 
seemed inconceivable that the lung question could that mouse. the 
oldest lesions the lung was very large and the consolidated areas were pale, 
greyish white color streaked with red. Pleurisy was not frequent, occurring with 
pneumonia only five instances, and three times alone. The pneumonic lesion 
was readily distinguishable from that caused pneumococcus and death prac- 
tically always occurred later than the case this organism, the 5th the 10th 
day being the period greatest mortality. 

Microscopic Pathology.—The lesions were more protean character than those 
associated with the pneumococcus. instance was there the typical 
lesion observed MacCallum man, all the lesions falling into the 
group lobular and confluent lobular lobar consolidations. There was, 
however, early, evidence exudation the interstitial tissue the alveolar septa. 
view the fact that MacCallum conceives the lesion evi- 
dence marked resistance our failure note this type lesion interesting 
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since mice are susceptible animals and attempt had been made increase their 
resistance. The earliest lesion recognized such occurred animals which died 
the 2nd day. there was some involvement the interalveolar tissue, 
but extensive exudation had already occurred into the alveolar lumina and this 
dominated the picture. The exudate contained large numbers streptococci 
long chains. The lining the bronchi appeared intact and only occasionally 
was there inflammatory infiltration the walls. exudate was noted early, 
however, the lumen the bronchioli but this was probably derived from the 
exudate the alveoli. The perivascular and peribronchial lymphatics were 
early filled with polymorphonuclear leucocytes and seemed thrombosed. The 
interstitial process did not long persist such and the picture soon became one 
called confluent bronchopneumonia. The pneumonic exudate was much 
more serous than pneumococcus pneumonia and often contained relatively few 
cellular elements. Fibrin was not present any considerable amount. Red 
blood cells did not form large part the cellular content the exudate, except 
the periphery the lesion. fact, some instances the alveolar exudate 
was almost entirely composed granular serous material, and organisms, the few 
cellular elements present almost making one doubt the presence true pneu- 
monitis. The spread the lesion was probably the nature cellulitis and 
took place the alveolar, perivascular, and peribronchial tissue irregular 
fashion, the lesion involving the majority instances the greater part the 
whole single lobe typical confluent lobular lobar form. were unable 
form opinion what was played the lymphatics the spread 
the infection but are inclined consider secondary importance. Nor 
can one state how frequently reinfection and new foci developed from the original 
focus. Necrosis the alveolar walls occurred some instances but case 
did the bronchial wall appear necrotic, nor was there any marked desquamation 
the lining membrane. Capillary thrombi were noted only occasionally. Pleu- 
risy occurred infrequently and when present was localized over the involved lobe. 
The pleural exudate was composed polymorphonuclears, granular and serous 
fluid, and organisms very Fibrin was not present any marked 
amount. failed ascertain whether extension the pleura occurred the 
lymphatics other paths. 


general, then, would seem that the lesions resemble quite 
closely MacCallum’s confluent lobar pneumonias man one allows 
for the differing anatomic structure the mouse lung. 


The Pneumonia Bacillus 


early 1883 during the discussion regarding the significance 
the pneumococcus and Bacillus mucosus capsulatus, respectively, 
the etiological agent lobar pneumonia, (6) caused mice 
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inhale spray containing the latter organism and claimed 
have produced typical pneumonia. the whole, sufficient clinical 
and experimental evidence has accumulated since show that Fried- 
bacillus may cause lobar pneumonia certain percentage 


cases (Sisson and Walker (7), Sisson and Thompson (8), etc.). 


local changes this form pneumonia man differ some respects 
from pneumococcus lesions. They are, briefly, follows: 


The involvement often lobar, though intervening healthy lung gives the 
clue that the lesion really the confluent bronchopneumonic type. Pleurisy 
common. The lungs are often reddish color, voluminous, and the exudate 
section abundant, sanguinous, tenacious, andslimy. One more lobes may 
involved. Abscesses and necrosis may occur. Microscopically, the alveoli 
appear dilated and the exudate seen composed leucocytes, mucoid 
material, and numerous bacteria. Interspersed between the affected areas are 
normal alveoli. The bronchial walls are uninvolved. 


Our observations are based histological examination the 
lungs mice, which pneumonic lesions were present. 
every case the organism was recovered from the heart’s blood 
autopsy. Death occurred later than the case the pneumococcus 
pneumonias. 


Gross the case the streptococcus infection the earliest 
lesion occurs either the periphery the hilum, and grossly indistinguish- 
able from the streptococcus consolidation. Later, however, the friedlenderi, 
and streptococcus pneumonias have certain characteristic differences besides 
features common. both instances the lobes involved are massive and vo- 
luminous, but the friedlenderi pneumonias pleurisy occurs more frequently. 
The lungs remain greyish color, streaked with hemorrhagic areas, and 
are not pale the streptococcus lesions. Pleurisy the absence exuda- 
tive inflammation the lung occurred four times. 

Microscopic Pathology.—The earliest lesions examined were from the lungs 
mice dying the this time exudation has already occurred into the 
alveoli, and the interalveolar septum infiltrated with polymorphonuclears. 
The exudate patchy and composed polymorphonuclear leucocytes and 
homogeneous mucoid material, staining characteristically light blue. Organisms 
occur large numbers the alveoli even the absence many cellular elements. 
The resulting picture that irregular, patchy consolidation, the alveoli 
being filled with leucocytes and mucoid material. These areas may fuse and 
involve the whole single lobe. The proportions mucoid material, cellular 
elements, and organisms vary greatly, some alveoli containing many cells while 
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others show merely mucoid material and organisms. Between the consolidated 
areas the alveoli appear emphysematous and the line demarcation between the 
involved and healthy sharp. Fibrin occurs some cases but usually 
The process appears spread the interstitial tissue alveo- 
larsepta. interesting feature the persistence the interstitial inflammation, 
even animals that die the 9th day. Thus the walls alveoli which contain 
only mucoid material and organisms may infiltrated with leucocytes. other 
words, the lobar consolidation not massive regularly distributed the 
pneumococcus lesion and may considered typical type confluent lobular 
pneumonia. Fibrin encountered rarely the capillaries. There tendency 
emphysema the involved, well the uninvolved areas and this would 
partly account for the massive size the lung. Mononuclear cells occur the 
exudate rather sparsely. the areas interstitial involvement the capillaries 
seem empty blood, but exudation occurs they again contain red cells, and 
occasionally hemorrhagic extravasation into the alveoli occurs. There is, how- 
ever, always partial anemia certain areas due the persistence, above 
mentioned, the interstitial process, even the late lesions, and some capillary 
thrombi. The bronchi contain cellular exudate but there little epithelial 
desquamation infiltration the bronchial wall. Lymphatic involvement 
sometimes extensive. 

Pleurisy without pneumonia occurred four instances and was present 
fourteen the pneumonic cases. The pleural exudate rich polymorpho- 
nuclear cells and composed mucoid fluid and sometimes fibrin together with 
numerous organisms. 


The lesions produced mice bacillus resemble the 
occurring man result infection with this organism 
and those produced experimentally cats Sisson and Walker. 
Although some cases there persisting interstitial lesion, the 
pneumonia may classed confluent lobular type, though often 
taking lobar distribution. The mucoid material the exudate 
characteristic feature. 


DISCUSSION. 


interest compare the lesions experimentally induced 
the lungs mice air-borne infection with Streptococcus hemoly- 
ticus, bacillus, and pneumococcus, respectively. must 
remembered, however, that the lesions caused the first two men- 
tioned were produced normal mice, whereas the pneumococcus 
pneumonias that studied were produced partially immunized 
and alcoholized animals. The experimental conditions are, therefore, 
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not strictly comparable. Although consolidation the whole 
single lobe may produced any the organisms the gross and 
microscopical pathology both show certain points difference each 
instance when the lesions are well developed. Moreover, the pul- 
monary lesions experimentally induced differ from the pneumonias 
occurring spontaneously stock mice, which have been described 
former paper (1). The earliest lesions, however, the three types 
experimental pneumonia being discussed may only differentiated 
bacteriologically. 

The initial lesion all the experimental pneumonias appears 
polymorphonuclear infiltration the interstitial tissue. 
the pneumonias occurring spontaneously stock mice the 
lesion essentially mononuclear response, though 
phonuclears are found, especially the bronchial exudate. The 
peribronchial lymph glands are very large this condition and the 
lesion tends follow and persist the peribronchial and perivascular 
tissue. the gross the lungs are liver-like color and consistency, 
gelatinous, dry, not massive, and the surface irregular and often 
nodular with what appears localized tissue necrosis. 

the case the pneumococcus lesions the pneumonic lobes are 
quite moist and not very large. Microscopically, the involved area 
uniformly consolidated and sharply differentiated from the sur- 
rounding uninvolved tissue, and the exudate almost entirely 
polymorphonuclear character. The and streptococcus 
lungs are massive and pale with red, angry zone the periphery 
the consolidated areas. Microscopically, the exudate the strepto- 
coccus lungs predominantly serous and cellular, and chains organ- 
isms occur large numbers. Interspersed with the involved areas 
emphysematous but otherwise normal lung parenchyma. The 
exudate the pneumonias mucoid and cellular, the 
percentage cellular elements varying the different alveoli. 
Organisms occur large numbers both types exudate. There 
are intervening areas emphysematous healthy lung and the 
interstitial lesion persists. Pleurisy occurred more often the 
group. There difficulty recognizing the lesions 
histologically when well developed. 

There seems evidence warrant the term 
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being applied these any more than the pneumococcus lesions, 
though the hemolyticus and Bacillus friedlenderi lesions 
are more patchy distribution, and this despite the fact that the 
Callum’s terms and always 
postulating that does not imply anatomical unit. The 
character the exudate less cellular and more fluid than the case 
pneumococcus pneumonia. would seem that the pneumococcus, 
streptococcus, and bacillus pneumonias are essentially 
cellulitis the lung, the pathogenesis the lesions being the same for 
all three. The patchy distribution many instances may con- 
sequent the circumstances that these organisms are able invade 
the lungs normal mice, unlike the pneumococcus which needs the 
aid predisposing factor (alcohol the case our experimental 
may merely due difference the type response 
the tissues the organisms themselves. are unable say 
whether the organisms penetrate the lungs directly, whether the 
combination these methods invasion. The initial lesion 
certainly the lower respiratory tract around the bronchioli, atria, 
and alveoli. 

interesting note that the type pulmonary reaction the 
streptococcus normal mice consolidation. One 
tempted speculate whether the type lesion would 
“interstitial” infection occurred immunized animals. 


SUMMARY. 


Pulmonary consolidation may produced normal mice the 
inhalation bacillus Streptococcus hemolyticus. 

The initial lesion both instances interstitial character 
and the spread way the interstitial tissue, though the ultimate 
consolidation may come resemble the gross lobar pneumonia. 

The lesions grossly and microscopically may distinguished 
from the lobar consolidation associated with pneumococcus infection 
the lung. 


bacillus and Streptococcus hemolyticus give rise 
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pneumonia mice previously normal, whereas the pneumococcus 
produces pulmonary lesions only under special circumstances, when 
the animals are alcoholized after partial immunization. 
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EXPLANATION PLATE 21. 


Fic. Mouse 85-29. hemolyticus pneumonia. Lung from 
previously normal mouse sprayed with hemolytic streptococci, which died the 
9th day. Note the great increase the size the affected lobe and the mottled 
red and white appearance. Natural size. 

Fic. Mouse 29-50. pneumonia. Lung from previously 
normal mouse sprayed with friedlenderi. Note the large size the consolidated 
lobe. size. 

Fic. Mouse Pneumococcus pneumonia. Lung from partially 
immunized mouse, alcoholized and sprayed with pneumococcus, which died 
the 2nd day. There consolidation the right upper and left lower lobes. 
For comparison with the streptococcus and consolidation, show 
uniform red color and small size involved lobes. Natural size. 

Fic. Mouse 85-10. Streptococcus hemolyticus pneumonia. Section 
lung from previously normal mouse sprayed with hemolytic streptococci, which 
died the 4th 420. 

Fic. Mouse 115-10. pneumonia. Section lung from 
previously normal mouse sprayed with friedlenderi, which died 13th day. 
420. 
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PNEUMONIA ASSOCIATED WITH BACILLUS ABORTUS 
(BANG) FETUSES AND NEW-BORN CALVES. 
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(From the Animal Pathology The Rockefeller Institute for 
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Lesions due Bacillus aborius the organs the fetal calf have 
thus far received only very casual mention the now fairly volumi- 
nous literature infectious abortion. The generalized changes 
frequently present are edema the subcutis and muscular tissue 
and blood-tinged effusions into the large serous cavities. These 
are referable changes the circulatory system due partial 
destruction the cotyledons. the older fetuses, from the 7th 
month on, even such effusions may absent. Some writers have 
described purulent exudation into the fourth stomach. 
suggesting this process have been found the writer exfoliated 
epithelium. these general changes the only lesion recog- 
nizable with the naked eye certain number fetuses consolida- 
tion the lungs associated with grayish mottling. this 
condition that the present communication directed. 
Microscopic foci made endothelial cells similar those develop- 
ing inoculated guinea pigs may found very small numbers 
now one organ, now another some fetuses. They are obviously 
little significance beyond indicating more general distribution 
Bacillus abortus during fetal life. 

brief review the bacteriology this disease will serve bring 
nearer understanding the pathogenesis the pneumonia. 
Bacillus abortus found the utero-chorionic space, first the 
epithelial cells the intercotyledonous areas, and next invading the 
tufts the cotyledons from the periphery. some cases 
only the cotyledons are diseased. How Bacillus abortus reaches the 
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uterine cavity open question. The weight observation 
suggests entrance way the digestive tract the pregnant cow 
into the circulation and thence into the maternal and fetal cotyledons. 
Other routes, such the vaginal, may come into play should the bull 
diseased. general distribution through the fetus would follow 
invasion the cotyledons. Actual bacteriological studies made 
this several hundred fetuses bring light two condi- 
tions: (a) general distribution Bacillus abortus the organs, 
such spleen, liver, kidneys, lungs, and the digestive tract; and 
limitation Bacillus abortus the digestive tract and the lungs. 
the second group the infectious agent may considered suppressed 
the organs, but multiplying least surviving the contents 
the stomach and intestines. Its common presence the digestive 
tract and lungs this second group due the fluid which the 
fetus suspended,—the amniotic fluid. The infected fetus dis- 
charges meconium into this medium and this swallowed later 
the fetus. The uniformly opalescent, clear, mucoid fluid the 
stomachs the normal fetus converted into thick, opaque, 
greenish brownish suspension meconium. similar suspension 
aspirated into the respiratory tract and continuous intimate 
contact the infectious agent the meconium with the lung tissue 
thus established. result cultures Bacillus abortus are 
obtained from lung tissue when present the digestive tract 
whether present the internal organs not. view this 
condition should look first all for lesions the digestive tract 
and the lungs. Although they have not been found thus far the 
former, the writer’s study this tract has not been very thorough. 
Macroscopic lesions are absent but the occurrence focal micro- 
scopic lesions may admitted. the lungs, however, the changes 
certain fetuses are evident sight and touch, and will seen 
later, even lungs normal appearance certain abnormal processes 
are going on. The pneumonic condition established during the 
middle and the later fetal period may appear the premature 
full-term living calf and the infection carried the lungs for some 
weeks, possibly longer. 

The cases which have come under observation may grouped 
into: (a) fetuses from months old which have not breathed 
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after expulsion; premature calves dying few hours after expulsion; 
and (c) apparently normal calves from few days several weeks 
old which pneumonic lesions are found when the animals are 
killed. 

Group a.—Fetuses which have not breathed. The affected lungs 
are usually somewhat larger than the normal, uninfected fetal lungs. 
The pleural surface may slightly irregular due tension within 
the individual lobules. More characteristic grayish coloration 
involving either entire lobules portions thereof. section this 
coloration not clearly outlined. 

The distribution the lesions varies from case case. the 
pneumonias young and adult bovines, the smaller cephalic and 
ventral lobes, well the azygous lobe, are involved. this 
territory frequently added the adjacent cephalic fourth third 
the main caudallobes. The entire diseased territories correspond 
with those portions the lungs most dependent the standing 
position. the fetus such regular distribution can made out, 
although the smaller lobes appear most frequently indurated. Owing 
the varying picture the lungs from case case the lesions are 
best described with reference the fetus whole few represen- 
tative cases. are but fraction the fetuses studied. Unless 
otherwise stated, Bacillus abortus was isolated pure culture from 
the lung tissue all cases described, either directly through guinea 
pigs, both methods. 


No. 171.—Fetus, about inches long, obtained utero immediately after 
slaughter the cow. Chorion presenting the typical exudate which are 
demonstrable cells filled with minute bacilli. Fetus has discharged meconium 
abundantly into the amniotic cavity. The gross inspection the viscera pre- 
sented nothing noteworthy. Sections similarly negative except those from the 
lungs. 

The quite universal change from the normal fetal lung the filling the 
small bronchioles from diameter 0.03 mm. with cell masses various 
stages nuclear disintegration (Fig. 1). The larger the air tube the farther 
advanced this degeneration are the cells. The changes the parenchyma 
are chiefly focal. The normal alveolar spacing replaced more less 
uniform cell infiltration filling the alveolar spaces and compressing the capillary 
network that only few capillaries are evidence. The cells are two kinds, 
fairly large cell mononuclear type with vesicular nucleus and only little 
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chromatin, and cell with smaller, more less densely staining nucleus. The 
staining due large blocks chromatin. The latter cell may either 
lymphocyte precursor the polynuclear cell since the chromatin may assume 
bizarre shapes suggesting the polymorph. some the smaller blood vessels 
(0.02 0.04 mm. diameter) near within areas infiltration (Fig. 2), there 
are among the red cells large numbers cells the types found the focal 
lesions. Elsewhere the vessels contain the normal contingent red cells. This 
latter phenomenon indicates the vascular source the cells filling the parenchyma 
and migrating into the air tubes. The early appearance pneumonic lesions 
this case contrasts with the absence such lesions much older infected 
fetus, also obtained which was nearly full-term (304 inches long). 

No. 711.—Fetus, inches long and weighing pounds. The usual changes 
such subcutaneous edema and large amounts meconium stomach present. 
The entire lungs are permeated with whitish foci, showing distinctly subpleural 
and the cut surface. These foci are diameter, squarish quadri- 
lateral outline, usually isolated, more rarely groups. They are the touch 
firmer than the rest the lung tissue. 

this animal the histological changes assumed slightly different form (Fig. 4). 
Besides the filling the smaller bronchi with cellular elements, the alveoli 
and alveolar passages were distended with the same type cells. The cell 
moulds were permeated with delicate network fibrin. The lesion thus simu- 
lated bronchopneumonia later extrauterine life. The intensity the infiltra- 
tion varied from bare change from the normal liver-like density the 
cell masses. 

No. 105.—Female fetus, months old, hairless. Length inches. Blood- 
stained effusions into serous cavities. Stomachs contain more less fecal matter. 
Gross appearance lungs normal. abortus found both the digestive and 
pulmonary tracts and the various organs. Sections, however, show lesions 
only the lungs (Fig. smaller air tubes contain groups cells and the 
normal spacing the parenchyma has disappeared owing its invasion 
endothelial and other cells. what extent the alveolar walls take part through 
infiltration with endothelial cells not possible determine owing the general 
similarity the cell types the normal tissue and the infiltrate. 

No. 493.—The first pregnancy the dam this fetus ended normally, the 
second and third abortion. both cases abortus was present throughout 
the body. The lungs the last fetus were pneumonic. The smaller lobes were 
dark red and liver-like consistency. soft exudate could pressed out 
the cut air tubes. The large caudal lobes were not involved. 

sections from various regions the affected lobes the striking feature was the 
filling all air tubes with masses cells. tube the sections was 
The central core the cellular exudate had lost its nuclear 
stain, whereas the cells the outer zones showed deeply stained nuclei. These 
varied much shape, being tape-like, star-shaped, compact. Some simulated 
polymorphs, but careful examination many cells showed transition forms from 
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mononuclear types. The nature these cells remains doubt however. The 
intrabronchial cell masses have their origin the alveoli which are more less 
filled with cells the same character. These various conditions have destroyed 
the normal appearance the fetal lung. 

No. 270.—7 months fetus,-born pasture. Organs general normal 
appearance, excepting lungs. Only little clear serum peritoneal cavity. 
Pleural cavity contains small amount blood-stained fluid. Lungs airless. 
All the lobes the right lung and the large caudal lobe the left lung feel firmer 
than normal. Throughout these lobes there appear both subpleural and deep, 
grayish areas irregular outline, but more less rectangular, and mm. 
diameter. They not project above the pleural surface and are distinguished 
only their coloration. Large air tubes free from fluid other material. 

Sections indicate that the grayish ultimate 
bronchioles are densely packed with cells two kinds, endothelial type and 
mingled with this another described under No. pneumonic infiltration 
not limited the small gray foci but greater less degree extends over the 
entiresection. The gray color due the intensity the process which com- 
presses the capillary network. abortus was found not only the digestive 
tract and lungs but also other organs. 


Group b.—Expelled fetuses with partly inflated lungs. 


No. 180.—Male nearly full-term, red and white, inches long. Re- 
ported have lived for minutes. Lungs partially inflated. Stomachs filled 
with turbid brownish fluid. Walls fundus fourth stomach edematous. 
abortus was isolated from the lungs, spleen, liver, and fourth stomach. 

Although the lungs appeared normal the autopsy, sections from different 
lobes indicated rather diffuse process infiltration involving the alveolar 
septa and migration into the alveoli. The partial inflation had caused irregular 
honeycombed condition which emphasized the broadening the septa. Where 
the process was most intense, where the parenchyma was uniformly filled 
with only traces air spaces recognizable, the small bronchioles were filled with 
cell débris; elsewhere they were empty. 

No. 89.—Fetus born after difficult labor. lived about hour. Probably 
some days premature. Lungs only partially inflated. the uninflated areas 
there are irregularly dilated spaces scattered through the collapsed regions and 
more less filling the alveoli with cells. Cell masses the smallest air 
tubes are pressed against the epithelium, probably during inspiratory efforts. 
abortus was isolated both from placenta and lung tissue. 


Group number calves have been killed during the 1st 
week life which were slightly premature and which showed the 
presence lung lesions associated with Bacillus abortus. 
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calf, days premature, days old when killed. The lungs are 
densely sprinkled over with dark red areas collapse from bare points mm. 
diameter. Two guinea pigs inoculated with suspension lung tissue showed 
later large spleens and abortus was isolated therefrom. Sections the 
calf’s lung tissue brought out numerous cell foci the parenchyma varying 
greatly size and outline (Fig. Most them were only three four alveoli 
across. They were due the presence endothelial cells the alveolar walls 
and the lumina alveoli. Among those the alveoli are polymorphs. These 
are not found the normal areas. 

No. 218.—In another calf, days old and apparently normal condition, 
there was found pale, reddish condition the distal fifth the right cephalic 
lobe. The air tube leading through this lobe was free. Sections showed 
extensive broadening the interalveolar septa with cells endothelial type which 
some lobules almost merged into complete consolidation. Polymorphs were 
scattered through this lobe small numbers. Unfortunately tests were 
made for abortus. Since this animal was one larger group infected 
fetuses and calves which the preceding calf belonged, the evidence that the 
lesion was due abortus strong. 

No. 215.—This calf was killed when days old. breeding not known. 
was assumed premature but, with the exception rapid respiration during 
the 1st day, was regarded normal calf when killed. The lungs were ex- 
tensively involved. The distal lateral third all the smaller lobes and the 
adjacent margin both large caudal lobes are dark red, consolidated without 
special markings. Plugs viscid, mucoid material the smaller air tubes. 
Sections from different lobes show lesions. There general infiltration 
endothelial cells that only the bronchioles are traceable. These are filled 
with mixture mononuclears and polymorphs. latter are found small 
numbers permeating the monocytic infiltration. The pneumonic lesions this 
case were first supposed due although such early case had 
been encountered before. the cultures, however, there appeared due time 
numerous colonies minute bacillus which morphology, cultural characters, 
and its effect guinea pigs was shown abortus. 

animal was days old when killed. was probably premature 
and the placenta diseased. abortus was demonstrated films, cultures, 
and inoculated guinea pigs. The calf had scoured earlier but was apparently 
normal when killed. The only gross lesions found were four foci dark red, 
collapsed tissue the lungs, each cm. diameter. Cultures made directly 
from these foci contained miscellaneous organisms, liquefying spore bearers, 
moulds, and the like. Guinea pigs inoculated with suspensions the collapsed 
lung developed the characteristic abortus disease, however, and this organism 
was isolated from the spleens. Unfortunately material was not reserved for 
histological study. 


1Smith, T., Exp. Med., 1921, xxxiii, 441. 
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Besides these and other early cases, Bacillus abortus was encoun- 
tered several calves about month old which were used other 
experiments. these Bacillus abortus was probably carried focal 
lesions the lungs. 


DISCUSSION. 


The salient characters the fetal pneumonia associated with 
Bacillus abortus detailed illustrations the preceding pages 
may now briefly reviewed. The uninflated organ firmer than 
normal and frequently variegated with lighter grayish areas. These 
may may not more indurated than the surrounding tissue. 
the inflated lungs the living calf foci suggesting collapse may 
very small and numerous, involving all lobes limited numbers 
and causing certain cases airless condition entire lobe. 
The frequent occurrence grayish foci the fetal lungs due 
exudation into the alveoli and connecting ultimate air tubes cell 
masses which crowd upon and compress the capillary network. These 
masses are very conspicuous certain lungs. others, even though 
Bacillus abortus present, the infiltration very slight and diffuse. 
These differences may due the varying lengths the period 
disease, well the age the fetus when the infection began. 

The cell masses the alveoli and air tubes consist apparently 
two kinds cells, the endothelial type, and another with deeply 
stained, round irregularly outlined nucleus, probably polyblast. 
the air-inflated lungs, polymorphs are regularly present permeating 
the mass endothelial and lymphocytic cells. The cells the 
air tubes are derived from the alveolar exudate, for the epithelial 
layer the plugged air tubes intact and there indication 
any active migration outward through the mucosa. The stimulus 
leading the cellular exudate obviously Bacillus brought 
into intimate contact with the alveolar walls through the amniotic 
fluid. 

Fetal pneumonia affecting the living full-term slightly premature 
calf may take several directions. When the uninflated territory 
large, other bacteria not highly pathogenic may invade this territory 
and produce rapidly fatal necrotic pneumonia. The writer en- 
countered several peculiar cases this kind during the height the 
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epidemic when premature calves and fetuses quite regularly displayed 
the fetal pneumonia due Bacillus abortus. One case was charac- 
terized multiple abscesses due staphylococci, another wide- 
spread and numerous foci containing both staphylococci and Asper- 
gillus. that time (1918) the pneumonic lesions due Bacillus 
abortus had not been studied and their significance possible 
groundwork for the multiplication other bacteria not known. 
Hence efforts were made demonstrate Bacillus abortus the 
lungs these cases. seems, however, justified call attention 
the possible relation outbreaks pneumonia recently infected 
herds the underlying Bacillus abortus disease even though the 
pneumonias are manifestly due other organisms. 

The other course probably taken the pneumonic foci most 
cases gradual absorption the exudate and destruction elimi- 
nation the infectious agent with return the lung tissue normal. 

diagnosis lesions the inflated lungs due Bacillus abortus 
may difficult when they are associated with other bacteria, such 
Bacillus pyogenes, streptococci, and those mentioned above. The 
predominance cells endothelial type suspected foci and the 
presence Bacillus abortus demonstrated either direct cultures 
guinea pig inoculation may regarded demonstrative. 

The practical significance pneumonic condition fetus 
discharged dead negligible. calves born near full time may 
interfere with full inflation the lungs, favor multiplication other 
pathogenic types the uninflated regions, and simulate out- 
break pneumonia. failure lungs inflate birth should 
studied individual cases with reference the possible existence 
fetal pneumonia. 

Pneumonic lesions due Bacillus abortus may maintain the virus 
the body long month, according these studies, and may 
perhaps account for the occasional discovery infected unbred 
heifers. such cases the bacillus may carried the udder and 
there may survive indefinitely. 

Observations made during the past years upon the disease 
exists large herd point the inference that fetal pneumonia, 
very common the peak the epidemic, the result low re- 
sistance the virus which gradually raised the epidemic subsides. 
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CONCLUSIONS. 


pneumonic condition fetuses and new-born calves due 
Bacillus abortus pointed out for the first time, and its character, 
extent, and bearing the epidemiology pneumonia discussed. 


EXPLANATION PLATES. 
PLATE 22. 


Fic. Section lung, Fetus 171 (see page 641 text). circumscribed 
focus, surrounded lung tissue normal appearance, except for 
the cellular masses filling the bronchioles and scattering cellsinthe alveoli. 86. 

Fic. small vessel the lung the same animal, magnified 810 times 
diameter show the large proportion mononuclear cells among the red cells 
(appearing pale, granular discs the photograph). The figure shows the two 
kinds exudate cells found the lesions, the monocyte and cell with frequently 
irregularly outlined nucleus (polyblast?). About one-half the capillaries the 
sections contain the normal number leucocytes. Those containing large 
numbers leucocytes are usually associated with focal lesion. 

Fic. small focus cells endothelial type penetrated polymorphs 
situated inflated lung tissue from calf days No.214, page 644 the 
86. 


PLATE 23. 


Fic. Lung Fetus 711 (see page 642 text). The cell masses filling alveoli 
and alveolar ducts slightly shrunken and therefore more definitely outlined. 
The cell masses permeated with fine meshwork fibrin. 86. 

Fic. Uninflated normal lungs aborted fetus months old) show the 
normal fetal lungs. Although all cultures from the organs the fetus remained 
sterile, the guinea pigs injected with suspensions the uterine swab taken imme- 
diately after delivery the fetus developed the characteristic lesions from which 
cultures abortus were obtained. The various findings taken together, 
such the normal condition the viscera and the negative cultures, point 
recent infection. 86. 

Fic. Lung Fetus 105 (see page 642 text). this lung the bronchioles 
and alveolar ducts containing cell masses stand out clearly while the 
ture masked the filling the lumina the alveoli with cells. 86. 
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THE COMPOSITE NATURE PURE CULTURE 
VIRULENT PNEUMOCOCCUS. 


HAROLD AMOSS, M.D. 


(From the Biological Division the Medical Clinic the Johns Hopkins 
University, Baltimore.) 


(Received for publication, February 1925.) 


studying the various factors which operate cause the rise 
and fall experimentally induced epidemics! was conceived that 
one them might explained the hypothesis that the infecting 
strain made the descendants many individuals differing 
potentialities. line descendants would have characters more 
less constant varying within narrow limits, but they would 
differ more less from one another these respects. Acccording 
this hypothesis, the virulence strain, that say com- 
posite individuals mixed derivation, would depend upon the 
relative numbers virulent and avirulent organisms composing 
the time the experiment. Gross changes virulence would 
explained disturbance the equilibrium virulent and non- 
virulent organisms: should virulent organisms present large 
numbers, the strain would stamped virulent, but influences 
should operate repressing the virulent organisms and allowing its 
avirulent members come into ascendency, the virulence the 
whole strain would depressed. The experiments 
the dysentery bacillus, and those the typhoid- 
dysentery-enteritidis group show that called pure cultures are not 
composed organisms possessing identical properties. 

The experimental epidemics above referred were incited among 
mice the feeding organism belonging the group Bacillus 
typhi murium. Intraperitoneal inoculations this organism into 


Amoss, Exp. Med., 1922, xxxvi, 25. 
Benians, Path. and Bact., 1919-20, xxiii, 171. 
Arkwright, A., Path. and Bact., 1921, xxiv, 36. 
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mice did not yield results that were clear-cut their bearing the 
hypothesis now under consideration. strain Pneumococcus 


Type known virulence, was therefore selected for the experi- 
mental tests. 


Mechanical Analysis Bacterial Strain. 


culture Type pneumococcus, original Neufeld strain which 
had been passed through 189 mice, was obtained from the Hospital 
The Rockefeller Institute for Medical Research. This strain was 
plated blood agar and ten colonies picked. Each new strain was 
grown under standard conditions and tested for virulence. 
difference virulence was observed. Intraperitoneal injection into 
beef infusion killed hours. 

was expected, the observations failed reveal avirulent forms. 
the next experiment the strain was analyzed with the help 
Barber pipette. From hour growth beef infusion broth, 
7.8, individual diplococci were picked and deposited drop 
broth cover-glass, taken into new sterile capillary tube, 
and deposited blood agar slant. strain resulting was 
subjected two further analyses the Barber method insure 
origin from single parent diplococcus. these procedures only 
two out every five diplococci that were picked grew when deposited 
the blood agar. 

Seven “pure line” strains were grown under stand- 
ard conditions and tested for virulence. great difference 
virulence for mice was detected. All were virulent for mice, but one, 
Derivative Strain was slightly more virulent than the others. 
This strain, will shown later, possessed much greater degree 
virulence for rabbits. 

Obviously large number individuals might have isolated 
from virulent strain before avirulent forms would chanced upon. 
was decided, therefore, attempt disturb the supposititious 
equilibrium between virulent-avirulent individuals 
methods. 
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Analysis Cultural Methods. 


Three methods were used: (a) growth immune serum, growth 
diluted bile, and (c) growth slightly acid broth. 

(a) Growth Immune had already been shown 
Stryker‘ that virulent strains pneumococci become avirulent when 
grown broth containing homologous antiserum. The following 
experiment was performed. 


0.5 cc. hour culture Pneumococcus (Pn. was trans- 
planted into tube containing 4.0 cc. beef infusion broth, 7.8, and 0.5 cc. 
Type antiserum free from preservative. The organisms grew this mixture 
equally well the control series tubes containing 0.5 cc. Type anti- 
serum and another series containing normal horse serum. Transplants 0.5 
cc. were made from tube tube, that one series the pneumococcus was grow- 
ing the presence per cent antiserum and the other per cent nor- 
mal horse serum. control antiserum broth was set each time test 
the sterility the materials used. 

Throughout the entire series the culture Type antiserum-broth and 
normal horse serum grew diffusely. the other hand the pneumococci growing 
Type antiserum became agglutinated and settled the bottom the culture 
tube. shaking they remained flocculent. the fourth transfer the growth 
was less granular shaking; but the sixth could shaken turbidity 
that was not granular the unaided eye. But the lens revealed clumping.® 

After the fourth transfer all tubes were shaken vigorously and loopful from 
each was distributed over blood agar plate. The colonies the plates from 
the series which normal serum and that which Type serum had been placed 
presented the usual appearance colonies pneumococcus. But addition 
the colonies presenting the usual characteristics there were, the plates seeded 
with the cultures Type antipneumococcus serum, colonies entirely different 
appearance. These were small, flat, and compact, greyish white color, with 


M., Exp. Med., 1916, xxiv, 49. 

figure 190 indicates that the strain had now been passed through 190 
mice. 

the time the observations were made explanation for this change seemed 
apparent. The work Avery and Heidelberger the and factors pneumo- 
cocci now permits one. possible that during the first four transplants the 
pneumococcus continued elaborate the specific soluble substance, though 
probably gradually decreasing amounts. factor permitted 
marked agglutination. When factor disappeared, the factor remained, 
acted upon the anti-P factors the serum, with result flocculation 
but one less marked degree than when the factor was present. 
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irregular surface. When picked with platinum needle, the colonies were resistant 
and could pushed about the surface the agar. With platinum loop they 


The new strains grew more luxuriantly beef infusion broth 
7.8 than slightly granular character the growth 
was suggestive streptococcus, possibly contaminant. But the 
uninoculated control serum broth remained sterile. new 
strains fermented inulin, produced and were bile- 
soluble. hour culture pneumococcus broth was injected 
intraperitoneally into mice weighing from gm., with the 
results shown Table 


TABLE 
Amount culture injected. Result. 

2.0 Survived. 
1.0 

0.5 

0.2 

0.1 

0.01 
0.001 
0.0001 


The culture obtained from the mouse dying after the injection 
cc. was passed through ten mice series and tested for virulence 
March 18, 1921. hour culture pneumococcus broth was 
injected intraperitoneally into gm. mice with the results shown 
Table II. 


One these strains was kept stock and labeled avirulent 


(b) Growth Diluted 


The stock culture Pneumococcus I-1907 was inoculated heavily into cc. 
pneumococcus broth. After hours, when there was slight turbidity the 
medium, 0.01 cc. sterile the medium had increased 
turbidity and 0.5 cc. the culture was transferred cc. pneumococcus 
broth containing 0.01 cc. bile. series was started from this point with 
gradual increase the amount bile the medium until the 42nd transfer 
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cc. the medium contained 1.0 cc. bile. transplant was made into pneu- 
mococcus broth and loopful distributed series blood agar plates. 


Colonies virulent and avirulent granular strains were obtained, 
the latter predominating. study one these strains labeled 
avirulent showed practically identical with the avirulent 
strain already described. 

probably not necessary through long series trans- 
plants the bile medium disturb the relation virulent and 
avirulent individuals strain pneumococcus. Shorter series 
were not carried out, but effort was made analyze virulent 
strain exposing concentrated bile. 


TABLE II. TABLE 
Amount injected. Result. Amount injected. Result. 

0.1 Survived. 0.5 Survived. 

0.01 0.1 

0.001 0.01 

0.0001 0.001 

0.00001 0.0001 
0.00001 


hour culture pneumococcus broth PneumococcusI-189-1a was found 
there was added cc. sterile bile and the mixture was allowed stand the 
water bath minutes. isotonic NaCl solution was added and centrif- 
ugation done high speed for minutes. The residue was then transplanted 
rabbit blood broth and incubated overnight. 


Blood agar plates from this culture showed all but two colonies 
out more than thousand typical for pneumococci the 
original strain. The small atypical colonies possessed the same 
characteristics described for the and avirulent strains. Control 
cultures the bile remained sterile. 

The new strains and did not grow well beef infusion broth 
6.8 and 7.4 but grew well 7.8 broth. They fermented 
inulin and produced methemoglobin. 

hour culture pneumococcus broth was used for virulence 
test with the results shown Table ITI. 
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The ready isolation the Y-Z type from virulent culture Pneu- 
mococcus I-189-1a proved chance occurrence. The experi- 
ment was repeated five times before positive results were again 
obtained. the positive experiment, hour culture was employed. 
The significance the finding will discussed the summary. 


(c) Growth Acid Broth.— 


The stock Pneumococcus I-190 was passed through four transplants beef 
infusion broth the reaction 6.8. cc. the fourth transplant was 
added cc. bile and after minutes the water bath the mixture was centri- 
fuged. The residue was transferred rabbit blood broth and after hours 
incubation plated blood agar. 


Colonies the Y-Z type were obtained considerable numbers, 
Cultures from such colonies proved avirulent for mice. strain 
was kept stock, labeled avirulent 


Experiments with Strains Grown from Single Cells. 


The results just described may taken indicate that the virulent 
strain Pneumococcus I-190 composed descendants two 
differing individuals, virulent one, the descendants which pre- 
dominate, and avirulent represented Substrains and 
which are recovered with difficulty, when the mixed strain 
submitted certain influences, such growth immune serum 
bile slightly acid broth. determine whether avirulent in- 
dividuals are always present whether they result from change 
virulent avirulent individuals, experiments were carried out with 
cultures obtained from single diplococci the Barber method. 

Two derivative strains, and from Pneumococcus I-190 and 
one derivative strain each from the avirulent and were employed. 
Strains and were such virulence that six organisms, injected 
intraperitoneally, killed gm. mice hours. Strains 
remained avirulent throughout the observations upon them. 


Recovery Avirulent Strains from Derivative Virulent Strains. 


The virulent Strains and were subjected bile for minutes, 
previously described experiments with Pneumococcus 
centrifuged, cultured, and plated. avirulent colonies were found. 
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After growth for six transplants per cent Type antiserum, 
plating revealed numerous colonies avirulent strains, every way 
identical with and strains. 


Failure Avirulent Strains Revert. 


Derivative Strains and were transplanted twelve times 
rabbit blood pneumococcus broth and again plated and tested for 
virulence. The strains bred true, remaining avirulent and retaining 
the other characteristics distinguishing them from the parent strain. 
Reference has been made the fact that avirulent Strain did not 
become virulent, even after passage through ten mice. 


Effect Long Continued Growth Immune Serum. 


The following virulence tests were made strains grownin immune 
serum. 


Strain I-190 and Derivative Strains and derived from were grown 
per cent Type antipneumococcus serum pneumococcus broth for twelve 
transplants. similar series transfers was made the same concentration 
normal horse serum broth. 

The two series, after twelve transplants serum broth, were cultured rabbit 
blood broth. After two transplants the strains the immune serum series 
longer grew granular form but the growth each case became diffuse that 
the strains diluted normal horse serum. 0.1 cc. each culture was trans- 
ferred cc. pneumococcus broth (pH 7.8) and after hours the amounts 
indicated Table were injected intraperitoneally into mice. 

The strains grown for twelve transplants diluted immune serum were now 
grown for twelve transplants rabbit blood broth. 


These tests for virulence showed return pathogenic power 
the strains that were avirulent begin with. Growth blood 
broth which dextrose, sterile extract tomato, leucocytes, and 
leucocytic extract had been added did not increase the virulence. 


Multiplication Increasing Concentrations Bile. 


The parent strain Pneumococcus I-190, three pure line virulent 
strains derived from it, and the pure line, avirulent Strain 
were transplanted daily beef infusion broth 7.8 containing 
gradually increasing amounts bile. 
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the first transplants 0.01 cc. bile was added cc. the medium. 
the 12th and succeeding transplants 0.02 cc. was added and the 20th trans- 
plant 0.07 cc. All cultures grew equally well this point. the trans- 
fer, 0.08 cc. was added and after hours only cultures the parent strain 
and Strain gave evidence multiplication, though hours there was 
turbidity evidencing Cultures the 22nd transfer 0.09 cc. 
bile was added and this concentration Strains and failed entirely 
grow, even hours. 

Strains I-190 and were carried forward until 0.5 cc. bile was added the 
transfer. this point the I-190 culture became granular. Growth was 
obtained when 1.0 cc. bile had been added the medium and even when 1.25 
cc. was added the 41st transfer. The culture Strain I-190 had now become 
completely avirulent. 


TABLE IV. 


Results Virulence Test Strains Grown Immune Serum. 


Strains. 
injected. 
Pneumococcus I-190. 
ce. 
0.1 Death hrs. Survived. Survived. Survived. 
0 .001 “ “ 
0 .0001 “ “ 
0 .00001 “ “ 


Strains Grown Dilute Normal Horse Serum. 


The fact that the virulent derivative strains soon cease multiply 
gradually increasing concentrations bile while the parent strain, 
like the avirulent substrain (Z) originally derived from it, continues 
grow even twelve times this concentration further evidence 
the composite nature the parent strain. The failure avirulent 
substrains develop the course cultivation the virulent 
substrains laid the working the same law chance which 
was responsible for the development such substrain two 
six experiments, already stated. possible that although there 
was change from the virulent avirulent forms, sufficient number 
the latter were present any time establish growth under the 
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extremely unfavorable conditions. There suggestion too that 
avirulent strains may vary solubility bile and their ability 
grow dilute solutions this lytic agent. 


Multiplication Acid Broth. 


The parent and pure line Strain both which are con- 
stantly virulent, were transplanted successively beef infusion 
broth with slightly acid reaction (pH 6.8). 


After eleven transfers they were transferred into blood broth (pH 7.8) and 
incubated for hours. 0.1 cc. each instance was transplanted cc. beef 
infusion broth, 7.8, and after hours the equally turbid cultures were tested 


for virulence intraperitoneal injection into mice, with the results recorded 
Table 


TABLE 
Amount injected. Pneumococcus I-190. Derivative Strain 
0.1 Death hrs. Survived. 
0 i 01 “ “ 36 “ “ 
0 i 001 “ “ 66 “ “ 
0.0001 Survived. 
0.00001 


the viable organisms each dilution were not enumerated 
plating but cultures plated the tenth transfer showed approximately the same 
number colonies. 


Apparently the parent composite strain more resistant un- 
favorable conditions than the virulent derivative strain. 


Virulence Derivative Strains for Rabbits. 


Some observations the virulence for rabbits Substrains 
and derived from single diplococci were made the course 
the production single type antisera. 


The parent strain another series failed survive more than four transplants 
6.8 broth. the series now under consideration there was good growth 
the eleventh transplant. 
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1.0 cc. heat-killed culture hour growth each culture pneumo- 
coccus broth was injected intravenously into rabbits. After days 0.0015 cc. 
broth culture living organisms was injected. The rabbits receiving Strain 
and Strain survived, but the two receiving Strain died and pneumococci were 
cultivated from the heart’s blood autopsy. Another series four rabbits 
weighing from 1,400 1,600 gm. received cc. heat-killed culture Strain 
and after days were injected intravenously with 0.001 cc. alive culture. All 
four rabbits succumbed this injection. Another series receiving 0.0005 cc. 
broth culture survived and subsequently received larger doses. 
tions show that Derivative Strain isat least one and one-half times and possibly 
three times virulent for rabbits two other substrains derived the same 
method mechanical analysis. 


Immunological Reactions Virulent and Avirulent Substrains. 


Single type serum prepared rabbits against Derivative Strains 
and agglutinated both them and the parent strain well. 
Strain granular and agglutinated with normal horse serum. 
The immune sera exhibited great difference their capacity 
protect mice against intraperitoneal injection living cultures. 


0.2 cc. the serum was drawn into syringe and the broth suspension, diluted 
according the standard method that the dose was constant volume 
0.5 was then drawn and the mixture injected intraperitoneally into mice 
weighing from gm. 

The results are shown Table VI. 


may concluded that while serum prepared the intravenous 
injection Strain contained agglutinins for Strain and the parent 
strain, has protective power against living pneumococci injected 
intraperitoneally. Adsorption experiments were not made. 


DISCUSSION AND SUMMARY. 


The experiments reported this paper indicate that pure culture 
virulent Type pneumococcus transferred under ordinary 
conditions made individuals which are not identical viru- 
lence for animals,—in bile solubility, their power multiply 
under unfavorable conditions. 

mechanical analysis alone avirulent strains were obtained 
from the virulent strain, but one, Strain was separated which 
proved much more virulent for rabbits than its fellows. 
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The virulent, colony-pure, Type pneumococcus was allowed 
multiply for several transplants series cultures (a) pneu- 
mococcus antiserum broth, bile broth, and (c) slightly acid broth. 
When cultures from each series were plated blood agar there 


appeared amid the ordinary pneumococcus colonies some that were 


totally different therefrom. Cultures from these new colonies were 
macroscopically bile-soluble, fermented inulin, and produced met- 
hemoglobin. Their occurrence under these different sets con- 
ditions well careful controls excluded the possibility deriva- 
tion contamination. 

The new strains were avirulent and did not become virulent 
repeated passage through mice. Antisera procured the injection 
them into rabbits were found contain agglutinins for Type 
but protective antibodies. 

The avirulent strains are evidently pneumococci. possible 
that they may have been the parent strain and the un- 
favorable conditions growth (immune serum, bile, slight acidity) 
might have allowed them multiply while repressing the virulent 
forms. The individuals composing the pneumococcus culture are 
not all equally bile-soluble. means differential bile solubility, 
the avirulent forms were obtained within hours from the parent 
strain though only twice six experiments. possible that the 
avirulent individuals might not have been present the hour 
stock culture which yielded one the positive results and that the 
organisms surviving the lysis might have retained sufficient bile 
after washing with isotonic salt solution for this responsible 
for the development the variant. The fact that the identical 
experiment with the virulent Derivative Strain revealed avirulent 
forms renders likely that the majority the avirulent forms origi- 
nated from the virulent individuals under the unfavorable conditions. 
The correctness this interpretation proven the finding these 
avirulent forms virulent single cell derivative strains grown under 
unfavorable contrast, strains these avirulent 
forms descended from single diplococci did not revert virulence. 
Apparently there had occurred genuine bacterial mutation. 

These results general are accord with those who has 
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made more careful study the properties variants pneu- 
mococci. has recorded the occasional reversion variant when 
the single colony culture has been made after one serum passage. 
There reference his article any experiments with strains 
derived the isolation single diplococci. 

Further evidence the composite nature the parent strain 
ordinarily grown presented the difference the effect long 
continued growth immune serum the pure line strains and the 
parent strain itself. The pure line strains, equally virulent for 
mice the parent, and one them, Strain more virulent for 
rabbits, became less virulent than the parent strain after twelve 
transplants immune serum. Growth normal horse serum did 
not affect the virulence. The single cell derivative, moreover, was 
found the less resistant bile when grown increasing con- 
centrations this lytic substance. The virulent Derivative Strain 
became avirulent eleven transplants acid broth 6.8 while 
the parent strain, though reduced virulence, was still lethal 
doses 0.001 cc. after the same number transplants this medium, 


CONCLUSIONS. 


virulent strain Type pneumococcus which had been passed 
through 190 mice has been found composed individuals 
possessing different characteristics. 

strain isolated mechanical analysis virulent composite 
strain possessed greater virulence for rabbits than the composite 
strain other strains similarly isolated from the same source and was 
less resistant unfavorable media than the composite strain. 

avirulent strain was isolated from the composite virulent 
strain plating cultures which had grown repeated transfer 
immune serum broth, bile broth, and (c) slightly acid broth. 

The virulent single derivative strain obtained mechanical 
analysis gave rise the avirulent strain when grown immune 
serum, bile, acid medium. Heterologous immune and normal sera 
did not favor the change from virulent avirulent variants. 

avirulent strain was separated from the virulent composite 
strain subjecting the latter the action bile for minutes, 
centrifuging, washing, transplanting the residue into blood broth, 
and plating after hours. 
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The avirulent strains, however procured, were all single sort. 
They formed characteristic colonies, showed tendency revert 
the parent type, and did not become virulent repeated passage 


through mice. 


Serum from rabbits immunized with organisms the avirulent 
sort possessed agglutinins but protective antibodies for the parent 


strain. 
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SURFACE TENSION SERUM. 


XII. TECHNIQUE FOR THE ACCURATE STUDY THE DROP 
FUNCTION THE TIME. 


LECOMTE NOUY, Sc.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, February 21, 1925.) 


The decreasing values the surface tension serum and serum 
solutions may considered function the rate adsorption 
serum constituents the surface The purpose the 
present paper describe new technique and with its aid 
elucidate certain points which could not thoroughly investigated 
the first paper this account the relatively crude 
method used that time. 


Technique. 
The technique previously used consisted the following. 


The solution was poured into the watch-glass and stirred with small glass 
rod. soon possible afterwards, the table supporting the watch-glass 
the Noiiy tensiometer was raised, the surface the liquid was brought into 
contact with the platinum ring, and the reading was immediately taken means 
the torsion wire. “The whole operation lasted approximately seconds. 
Then, the table supporting the solution was lowered slightly, the platinum ring 
was washed, flamed, put back place, and more minutes, according the 
nature the experiment, were allowed elapse. the end the allotted 
time, the same procedure was followed except, course, that the solution was not 
stirred, and that great care was taken not disturb the surface the liquid 
establishing the contact with the platinum ring. The reading was made care- 
fully, and the operations were repeated many times necessary obtain 
the various values the surface tension the solution function the time 
over period of, say, hours. 


Noiiy, L., Exp. Med., 1922, xxxv, 575. 
Noiiy, L., Exp. Med., 1922, xxxv, 707. 
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Obviously, there were three serious causes error this technique. 


The first was due the fact that the same solution was used all measure- 
ments. Its surface was disturbed every time measurement was made and 
consequently the successive measurements did not exactly express what the 
value the surface tension would have been had the surface not been disturbed 
the preceding measurement, made only minutes previously. The second 
was involved making measurement, the surface the liquid being then 
much distorted that was means certain whether this did not change the 
state the surface layer and render the condition rupture quite different from 
that which would have obtained undisturbed surface. The distortion 
may have increased the distance between the adsorbed molecules, and this 
rapidly that there was time reach equilibrium before the film was torn. 
The third cause error was the personal coefficient: the value the reading 
might different according the rate which the surface film was stretched 
the individual performing the test. 


order avoid these errors, new technique was developed. 


Clean standard watch-glasses (standard means having the same radius 
curvature) were prepared number equal the number measurements 
performed, and enough solution was made fill every one with cc. liquid. 
Suppose determinations are made, and the watch-glasses are numbered 
filled with the solution while the table the instrument, 
that the measurement may taken immediately after the liquid poured in. 
The reading this initial value is, for example, dynes (solution serum 
1/10,000). Then, Watch-Glass removed, No. placed the table, and 
filled. The platinum ring brought into contact with the liquid, and im- 
mediately the torsion the wire increased means the knob, exactly 
though measurement were made. However, instead working the 
vernier the breaking point, dynes, stopped dynes and left 
there. Consequently, the surface the liquid raised, but thereafter oppor- 
tunity afforded for the surface layer come equilibrium, known 
that, the moment, can break only dynes. soon this done, 
stop-watch set going, and the instrument left itself. Adsorption the 
surface layer takes place normally, reducing the surface tension progressively. 
soon has fallen slightly below dynes (less than 72—0.05 dynes), 
the film breaks, being stretched out more than equivalent force (72 dynes) 
and the time read the stop-watch. Some automatic electric recording 
device, such that shown Text-fig. may used instead. this method 
the time necessary reduce the surface tension the solution any chosen 
amount obtained with great accuracy, the previous causes error being 
eliminated. Since the drop the value the surface tension due the 
adsorption molecules from the bulk, the rate which the surface tension 
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decreases function the adsorption and may considered measure 
it. this technique, curves were obtained which exhibited greater degree 
regularity and smoothness and could duplicated very satisfactorily. 
the whole, they checked with our previous results. The new precision direct 
reading tensiometers (made the Central Scientific Company, Chicago), which 
were used, are quite sensitive. happens often that film will not break for 


E 
U 
Tensiometer No.1 


Set-up the electrical connection the tensiometer the 
kymograph. The current provided the two dry cells passes through the 
tensiometer and the torsion wire. When the film breaks, the lever released, 
and the end the clamp hits against the wire This establishes the elec- 
tric contact which energizes the magnetic recorder and leaves mark the 
drum. the time recorder. the kymograph. supports the wire 


hours, dynes, for example, when the static value has been reached, while 
will break immediately the tension raised 55.1 dynes. this way, 
the changes surface tension can followed within 1/10 dyne. 

Two tensiometers were used the same time have permanent 
control. The setting the apparatus and the diagrammatic arrangement 
the electric are shown Text-fig. 


is, 
b 
; 
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Needless say, extreme care was taken the preparation the solutions, 
and standard volumetric flasks and standard pipettes were used 
The watch-glasses were always calibrated with spherometer (reading —7.0 


—7.7), else Petri dishes were used. All the glassware was cleaned the 
usual 


RESULTS. 


The results two sets experiments are given Text-figs. 
and Normal rabbit serum was used. stated above, the rate 
which the surface tension decreases function the time 
function the rate adsorption. high dilutions the rate 
adsorption low enough permit the measurement the surface 
tension the solution before the adsorbed molecules have had time 
decrease all. The readings are identical with those pure 
saline solution. Under such conditions, the phenomenon the 
decrease surface tension can studied closely, step step, from 
the very beginning. 

low dilutions the molecules are close the surface and 
numerous that, matter how rapidly the first measurement 
made (within 0.1 second, for example), obtain the 
value the surface tension before has been substantially lowered 
the solute. other words, the rate adsorption, number mole- 
cules adsorbed the surface given time very high. 
general, may said that beyond 1/10,000, one can always measure 
value the surface tension identical with, very close to, that 
pure saline, that is, study the phenomenon from the beginning; 
beyond 1/10,000 and 1/2,000, happens sometimes that this 
value observed, but depends the nature the serum. Below 
1/2,000, proved impossible obtain such high initial values, 
although succeeded measuring the surface tension less than 
1/10 second after the liquid had been stirred, means the 
platinum ring itself, the watch-glass. This explains why high 
concentrations the initial value always low: because the rate 
adsorption considerable; other words, because the time re- 
quired lower the surface tension the solvent dyne ex- 
ceedingly small. the course this paper, will shown that 


Noiiy, L., Exp. Med., 1923, xxxviii, 87. 
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ime. 


function the 


Note the delay the drop 1/20,000 which can observed 1/10,000, although 


lesser degree. 
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approximate value this time can obtained. That the static 
value the surface tension serum solutions not continuous 
function the serum concentration has already been shown.? 


Normal rabbit serum 


Surface tension 


Time 


the surface tension serum solutions function 
the time. this case, the delay the drop 1/20,000 can observed 


possible obtain crude idea the rate adsorption the 
serum constituents the surface layer high concentrations 
assuming that this rate proportional the reciprocal the tangent 
the angle formed the intersection the axis ordinates, and 
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the tangent the curve that point (Text-fig. AB). plot- 
ting these values for different concentrations logarithmic paper, 
the curves Text-fig. were obtained. will seen that, this 


60 


1 
+ 223 4567689) 15 50 


plotted against concentration, logarithmic paper. The dotted curve extra- 


polated. 


case, dilution 1/10,000 complete change direction occurs. 
This critical value marks distinction between two kinds surface 
layers: that which contains more molecules than necessary form 
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monolayer (from pure serum 1/10,000), and that which con- 
tains less (from 1/10,000 up). cases the first sort, the concen- 
tration such that the surface tension water falls very rapidly 
from its normal value, say dynes, low value, that this low 
value only can measured; the second case, the volume liquid 
being the same but the number molecules being smaller, their 
distance from the surface greater, and they require appreciable 
time wander it; hence, the high surface tension. both 
cases, these values have been called value.” But clear 
that the case high concentration, this “initial not that 
the solution the beginning the adsorption, but that the 
surface layer already packed with molecules the solute. Hence, 
only the left part the curve (from 1/10,000 1/30,000) can 
considered expressing the “rate adsorption” the beginning 
the phenomenon. Consequently, this curve extrapolated, 
its intersection with the ordinates corresponding concentrations 
etc., will give approximate value the initial rate 
adsorption these concentrations. Let this rate expressed 
conventionally the time required lower the surface tension 
the solution dyne. 1/10,000, the present case, equal 
minute, and minutes 1/20,000. 1/1,000, the extra- 
billionth 1/100. course these figures are very roughly 
approximate, the equation the curve itself empirical and only 
approximate. However, they explain why the “initial values” 
the surface tension serum solutions 10-*, and are 
always low. The phenomenon adsorption starts surface 
tension dynes all cases, but those which the dilution 
1/1,000 less, the drop rapid that the curve which represents 
coincides with the axis ordinates from dynes the called 
value.” 

certain dilution, namely that which capable building 
monolayer (around 1/10,000), the initial value the surface 
tension always that water, slightly below this value. 
higher dilution, 1/20,000 for example, the case serum diluted 
with saline solution, the initial value usually higher, owing the 
presence the salt NaCl. The decrease the surface tension 
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instances the latter sort, instead beginning soon the liquid 
poured into the watch-glasses, delayed, and the tension stays 
constant for some time when suddenly the decrease begins. This 
can explained readily the basis that given minimum number 
molecules the surface layer required order that the surface 
tension the water lowered measurable quantity. 
long the number adsorbed molecules groups molecules 
small, they can considered floating the surface and, since 
contact exists between them, the stress the water film little 
affected. However, soon they cover the whole surface, the 
drop surface tension can measured. will seen the 
chart, the time necessary reach this critical moment varies 
different experiments. This may due differences the homo- 
geneity the solution the watch-glasses. 

means certain that the adsorbed layer only affects the 
surface tension water when continuous. Instead, very prob- 
ably, forms sort mesh which becomes more and more solid 
time elapses, until the bottom value the surface tension, character- 
istic the concentration 1/20,000, reached. Even when the 
equilibrium established, probable that the layer adsorbed 
molecules not continuous. known that monolayer 
oriented molecules occurs around 1/10,000.24 1/20,000 solu- 
tion dealt with here, possible that even horizontal molecules 
would not cover the whole surface adsorption. However, 
supposed that the adsorbed layer continuous monolayer after 
hours, there can doubt that, the beginning the adsorp- 
tion curve, that say, when the action the adsorbed molecules 
the surface tension water begins measurable (Text-fig. 
the adsorbed layer continuous monolayer. Consequently, 
when molecules are solution, contrast their behavior when 
they are not they materially lower the surface tension 
water long before they have reached the stage organized 
monolayer. 


Noiiy, L., Exp. Med., 1924, xxxix, 717; xl, 133. 
Langmuir, I., Am. Chem. Soc., 1917, xxxix, 1859. 
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SUMMARY. 


technique described for the study the adsorption function 
the time molecules colloidal substances the surface layer 
water. This technique eliminates previous causes error, 
particular the individual coefficient. 

The curves obtained plotting the data for serum various 
dilutions give clear picture the phenomenon, and show that the 
low values the initial surface tension pure serum and serum 
low dilutions are due the extreme rapidity adsorption the 
molecules the surface layer, owing their high concentration. 

Evidence given that colloidal substances solution substantially 
lower the surface tension the solvent, even when they are too 
small number form homogeneous monolayer. 


. 
. 


DISTINCTIVE CHARACTERISTICS INFECTIONS PRO- 
DUCED TREPONEMA PERTENUE THE RABBIT. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 


24, 


(Received for publication, March 1925.) 


has been known for number years that possible inocu- 
late laboratory animals such monkeys and rabbits with material 
from patients suffering from yaws and that the infection may 
transmitted from animal animal appropriate methods. was 
hoped that the experimental infection might assist solving the much 
discussed question the identity non-identity the two diseases— 
yaws and syphilis—since the consensus opinion that absolute 
differentiation can made upon the basis the morphological 
However, those who have had large experience with yaws are 
practically unanimous the view that not attenuated other- 
wise peculiar type syphilis but separate clinical entity with 
distinct symptom complex. The development typical manifesta- 
tions one disease patients already suffering from the other 
strongly supports this opinion, and there are number other reasons 
such the usual mode infection, the general course the disease, 
and its geographical distribution which make difficult consider 
the two conditions caused common agent. 

The infection experimental animals with Treponema pertenue, 
however, has yielded little information which would clarify the situa- 
tion since has been thought that the lesions closely resembled 
those which might produced Treponema pallidum that would 
difficult, not impossible, differentiate one from the other. 
This has been most emphasized experiments which the rabbit 


has been employed. 
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Thus, Schamberg and Klauder (1), who have recently studied strain yaws 
obtained from American soldier whose infection was contracted while serving 
France, state that there are essential differences the experimental testi- 
cular lesion syphilis and yaws and that apparently this the case histologically. 
Nichols (2), working 1909-10 with strain yaws obtained from colored 
soldier returning from the Philippines, thought that the difference the lesion 
syphilis and yaws the monkey seemed the surest way differentiate the two 
organisms, found that yaws the incubation period was weeks, the 
lesion was elevated, slightly scaly and very edematous, while syphilis the incu- 
bation period was about weeks and the lesion was flat, dry, and very scaly. Ina 
comparison the testicular lesions rabbits produced the same strains 
pertenue and pallidum, Nichols considered that there were differences only 
degree; the nodules the syphilitic animals seemed larger and had necrotic 
center, and histologically there was evidence more active inflammation. 

Reasoner and Nichols (3), discussing the use arsphenamine non- 
syphilitic diseases, state that the growth the rabbit very similar 
that pallidum and can differentiated from syphilis only after consider- 
able experience. The grounds for such differentiation are not given, but 
previous paper Reasoner (4) has included table covering the points differ- 
ence exhibited five strains pallidum, summary the characteristics 
shown strain pertenue. The most striking these the absence 
generalized lesions such sites the eye. Recently, Nichols (5) has worked with 
strains pertenue obtained from Panama and has come the conclusion that 
the yaws-syphilis group organisms the indications are that there series 
strains which eventually can differentiated. 


evident, therefore, from these few references the work 
others, that far the experimental infection the rabbit con- 
cerned characteristic lesions typical Treponema pertenue have 
been observed. The great diversity the disease picture experi- 
mental syphilis rabbits not only regards the primary lesions, but 
the course the infection, including the generalized manifestations, 
further complicates the problem. the other hand, possible 
that study the entire disease process the two infections might 
show differences which would not evident comparison 
isolated lesions particular time. 

During the past years have had the opportunity studying 
two strains Treponema pertenue for which are indebted Major 
Nichols and Dr. Howard Fox (6). Both strains were derived 
from patients who had acquired yaws the American tropics, and 
when inoculated rabbits induced similar disease picture. There 
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certain amount evidence show that animals inoculated with 


yaws material derived from other localities may show lesions 
somewhat different character. 


Although the present paper contains general description the 
reaction the infection produced these strains rabbits, its chief 
purpose report the occurrence peculiar type periorchitis 
following intratesticular inoculation which has occurred frequently 
characteristic form enable one distinguish the condition from 
experimental syphilis. Other experiments, such those which 


crossed inoculations were made with Treponema pallidum, will appear 
later. 


EXPERIMENTAL. 


Strains Organisms. 


YI. Thestrain was obtained May, 1920, from Major Nichols who sent 
rabbit which had been inoculated both testicles with material derived from 
the first rabbit passage from the patient, native black child Panama, suffering 
with typical case yaws. 

Strain was carried for seven generations over period years. 

II. This strain was obtained December, 1921, directly from negress, 
patient Dr. Howard Fox, who had come New York months previously from 
Montserrat, British West Indies. For description this patient the reader 
referred Dr. Fox’s paper (6); interest from the standpoint differential 
diagnosis note that prompt regression lesions followed four injections 
neoarsphenamine. The material for animal inoculation was obtained from the raw 
surface several yaws before treatment and was inoculated directly into the 
testicles normal rabbits. Actively motile spirochetes long slender character 
were seen the dark-field the fluid used for inoculation. 

Strain has been carried for twenty-one generations during the past years. 


Methods Inoculation. 


The routine passage these strains has been accomplished the 
same technique that used our work experimental syphilis (7). 


general, inoculations were made intervals weeks using, prefer- 
ence, rabbits which the lesions were increasing actively. Pieces the infected 
testicle and its tunic were minced fine sterile mortar and ground with small 
amount sterile normal saline. Sand was not used. Dark-field examination 
the emulsion usually showed numerous motile spirochetes although occasionally 
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only few would seen the examination several fields. The majority in- 
oculations were made with emulsions showing two four organisms per micro- 
scopic field and average, 0.3 cc. the tissue emulsion was injected into one 
both testicles adult young adult normal rabbits. rule, only one tes- 
ticle was inoculated. few instances, intratesticular inoculations were made 
with saline emulsions inguinal popliteal lymph nodes. Organisms were never 
demonstrated the dark-field this material. 


few scrotal inoculations were also made the insertion small bits tissue 
the injection small amount tissue emulsion directly beneath the 


scrotum. The experiments dealing with scrotal inoculations are not reported 
the present paper. 


Local Reaction the Infection. 


The material upon which the present description based has been 
obtained solely the method testicular inoculation. This point 
emphasized since other methods may result the production 
different lesions and because comparison will made with the 
lesions produced Treponema pallidum with this route inoculation. 

Under the conditions routine transfer these strains Trep- 
onema pertenue, the initial reaction which developed during the 
week days consisted slight swelling the testicle with 
diffuse resistance minor degree. These changes are commonly 
encountered after the intratesticular inoculation variety 
materials and are not distinctive. Occasionally, however, altera- 
tion could detected palpation. 

During the 2nd and 3rd week the character the reaction changed. 
the majority animals the diffuse resistance continued into the 
4th week and might might not become somewhat more marked. 
number instances, however, the testicle became atrophic and 
gradually quite fibrous while others the diffuse reaction was accom- 
panied gave place small resistant nodular area. some 
animals definite nodule developed, but induration the sense 
well marked firmness hardness sharply demarcated from the soft 
parenchyma rarely occurred. 

The most conspicuous element the reaction was peculiar 
periorchitis which, our experience, unlike any lesion observed 
pallidum infections and typical serve distinguishing 
feature the infection produced these strains. 
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The lesion was first observed the original rabbit infected with Strain (second 
animal passage) well the first animals inoculated with Strain directly 
from the patient and has been almost constantly observed subsequent passages 
both strains. was detectable clinically about weeks after inoculation, 
which time fine granulation the tunic could easily felt; first only portion 
the tunic the general vicinity the needle puncture was affected, but usually 
the condition increased rather rapidly that wthin week two most all 
the covering the testicle was involved. addition, the tiny nodules increased 
size with the production characteristic picture shown Fig. 
removal the testicle this time the nodules were found scattered over the sur- 
face the visceral layer the tunica propria; they were translucent semi- 
translucent, pale grey color, and quite indurated. the lesion grew older 
many the tiny nodules were opaque and white slightly yellowish, particularly 
the center. practically all cases the parietal layer the tunica propria was 
uninvolved. size the nodules were rarely larger than mm. diameter and 
many them were distinctly smaller. was found upon close inspection that 
the tiny nodules the tunic were not entirely uniform but that the surface showed 
irregularities minute point-like character. 

There was definite relationship, however, between the number and size the 
nodules. happened few cases, there might single large nodule 
5.0 8.0 mm. diameter with none only small nodules. Such was the 
condition the original rabbit our Strain series. The large nodule, situated 
upon the upper anterior surface the testicle and lower portion the head the 
epididymis, presented warty cauliflower appearance and was pedunculated. 
Just below there were three nodules the usual size. 

The periorchitis also included diffuse thickening the tunic. first this 
was very minor grade but gradually the process became somewhat more pro- 
nounced and frequently area two localized thickening developed, 
illustrated Figs. There was striking absence congestion and any 
free fluid the scrotal sac. The tunic presented semitranslucent grey appear- 
ance and was only little more resistant section than normal although the areas 
more pronounced thickening were moderately indurated. The small nodules 
not only projected above the surface but many were seen within the tunic 
itself, particularly late weeks after inoculation, and probable that 
they gradually became included the process diffuse thickening. 


The duration the periorchitis was found variable. 
general, was most marked weeks after inoculation, deter- 
mined palpation, after which regression occurred fairly rapidly, 
that the 8th 10th week the tunic was again only slightly 
thickened and few most cases nothing could 
palpated months after inoculation but some animals the condi- 


a 


678 INFECTIONS WITH TREPONEMA PERTENUE 


tion was more prolonged, may seen Fig. which shows the 
condition the testicle and tunic days after inoculation. 

The reaction the testicle itself following the intratesticular inocu- 
lation these two strains Treponema pertenue was considerably less 
pronounced than that the tunic. 


has been mentioned above, slight swelling and diffuse resistance usually 
occurred during the 2nd week after inoculation which, the succeeding weeks, 
became somewhat more marked (Fig. or, occurred considerable propor- 
tion the animals, was followed atrophy the testicular parenchyma. 
other animals, areas localized resistance gradually developed within the sub- 
stance the organ. During the 2nd month after inoculation cross-section the 
testicle usually revealed somewhat bulging and swollen parenchyma with prom- 
inent and rather The surface was slightly moist, semitranslucent 
opaque character, and greyish pink slightly yellowish color. 
nodular area was present was superficially situated directly beneath the tunic, 
shown Fig. and here increased resistance was encountered section. 
The instances which the testicular lesion had progressed with the development 
several small nodular areas illustrated Fig. such cases the lobulation 
was more pronounced and usually the organ was slightly congested, feature 
which was entirely absent the earlier and less marked testicular lesions. 
few cases definite nodules approximately 1.0 cm. diameter developed within 
the testicle but this type reaction was very infrequent. These nodules otherwise. 
were quite similar appearance the smaller ones just 


was not uncommon find few tiny nodules the surface 
the epididymis. Occasionally, however, one could detect clinically 
that the epididymis itself had become involved its enlargement and 
induration (Fig. 5). The surface and section such lesion were 
somewhat opaque and yellowish pinkish grey tint; section 
was seen that the involvement was nodular character. The 


cannot enter this time upon description the microscopic 
changes the tunic and testicle following the testicular inoculation tissue 
emulsions containing mention may made certain histological 
features well developed active lesions. There irregular swelling and thick- 
ening the tunic with variable degree edema and round cell infiltration. The 
alterations the testicle are predominately interstitial and consist largely around 
cell infiltration although some degree edema usually present. The walls 
the blood vessels both the tunic and the testicle are somewhat thickened, 
but not the extent commonly seen lesions induced pallidum and, 
addition, there little round cell infiltration about the vessels. 
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head the epididymis has been affected more frequently than the tail. 
Generally the condition has not been palpable earlier than weeks 
after inoculation and has been associated with more persistent lesions 
the tunic and testicle has occurred residual process after 
regression and healing the tunic and testicular lesions. 

Treponemata were numerous emulsions tunic which the 
periorchitis was present but were less abundant emulsions prepared 
from the testicular parenchyma proper from the epididymis. 

Edema the scrotum and tunics, which frequent and con- 
spicuous feature the testicular reaction toinoculations Treponema 
pallidum, has not been observed with these strains Treponema 

should stated, concluding this description the course 
the primary reaction intratesticular inoculations Treponema 
pertenue, that the average time periods various phases the reac- 
tion, given above, apply conditions fairly regular transfer 
intervals weeks. beginning this work with material 
recently isolated from patients, the incubation period and the time 
required for the development well marked periorchitis were longer 
than was afterwards the case and, furthermore, there was tendency 
toward somewhat longer persistence tunic and testicular lesions. 
However, the typical character the periorchitis itself was manifested 
the first generations animal passage. 


Generalized Lesions. 


Metastatic Lesions the Uninoculated the 
uninoculated testicle has frequently revealed slight swelling 
suspicious thickening resistance the organ slight granular 
feeling the tunic, but such clinical changes have shown little 
tendency toward further development. Dark-field examination the 
fluid obtained aspiration directly after castration from the 
uninoculated testicle and its tunic has been made many times but 
only once were spirochetes demonstrated. This instance was the 
case rabbit which had been infected 110 days previously; this 
time gross lesions could felt seen the left uninoculated 
testicle and the right testicle showed only residual atrophy. 
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However, not unlikely that organisms always find their way 
the uninoculated testicle with the consequent production minor and 
perhaps transient lesions. That such may the case indicated 
the following experiment. 


rabbit which had been inoculated unilaterally days previously had 
atrophic right testicle with regressing periorchitis. The left testicle had shown 
diffuse resistance slight grade for week but there were enlargement and 
focal lesions, and castration presented essentially normal appearance. 
spirochetes were demonstrated the dark-field fluid aspirated from the 
testicle before castration the tissue emulsion prepared from it. Nevertheless, 
both rabbits inoculated intratesticularly with this emulsion were clinically positive 
fluid and typical granular periorchitis developed rapidly. 


Nichols (2) has drawn attention the migration spirochetes 
the opposite testicle. one his yaws rabbits inoculated with the 
Philippine strain, lesion developed days after castration the 
inoculated testicle. The type lesion not described but presum- 
ably was similar the nodular lesions developing the inoculated 
testicle. 

experiments have been carried out determine the time limits 
which spirochetes can recovered from the uninoculated testicle, 
but from what has been said above, not improbable that they could 
demonstrated during the period which lesions the inoculated 
testicle were present and for variable time thereafter. However, 
should pointed out that not known how long spirochetes can 
recovered, animal inoculation, from the inoculated testicle and 
tunic after the healing their lesions determined palpatior and 
inspection the castrated organ. Reasoner (4), summarizing 
his observations 162 rabbits inoculated with yaws with the produc- 
tion chancres, states that extension the opposite testicle 
occurred 100 per cent the cases. 

Superficial Lymph Nodes.—During the first days weeks after 
inoculation the testicle alterations the corresponding inguinal 
lymph node were not infrequently palpable consisting slight 
swelling and increase resistance. Quite rapidly, however, the 
node usually decreased size and the same time became indurated 
shotty and then fibrous that the time the granular periorchitis 
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was well marked, that is, weeks, the node was usually small 
fibrous mass. Such condition often persisted for some weeks al- 
though not infrequently the node appeared normal when some 
residual lesions could still felt the tunic the testicle epidid- 
ymis. the other hand, complete healing these lesions has not 
been associated with residual inguinal adenitis. Ina certain number 
rabbits, however, definite changes the inguinal nodes could 
made out clinically any period the primary lesion. 

Clinical changes the popliteal nodes which are constantly 
associated with Treponema pallidum infections the rabbit were not 
found occur infections with Treponema pertenue. Occasionally 
there popliteal adenitis during the early stages the testicu- 
lar lesions but nosignificance asa diagnos- 
tic sign the presence infection. During the later stages 
well developed periorchitis, however, the popliteal lymph nodes were 
occasionally indurated extremely fibrous and definitely smaller than 
normal and this condition might persist after healing the testicular 
lesions. will recalled that with well established orchitis 
syphilitic origin the popliteal lymph nodes are generally somewhat 
enlarged and resistant and that some alteration usually found all 
stages syphilitic infection, including the period latency. 

Only few experiments have been carried out determine the 
presence Treponema pertenue inguinal popliteal lymph nodes 
the method animal inoculation. one instance positive result 
was obtained. 


emulsion inguinal nodes was injected into the testicles two normal 
rabbits with the production, one animal, typical periorchitis from which 
spirochetes were demonstrated. The nodes were removed days after bilateral 
testicular inoculation; this time there were palpable visible lesions 
testicles, tunics, epididymides. The right inguinal node was slightly enlarged 
and indurated while the left was markedly enlarged and cystic. similar cystic 
abnormality was noted four other superficial lymph nodes this animal. 
spirochetes were seen the dark-field emulsions prepared from various portions 
the testicles and epididymides well the inguinal nodes. This the only 
instance our entire series yaws rabbits which cystic changes the lymph 
nodes have been observed. 


Other Generalized have followed many in- 
fected rabbits for periods months and several for year longer 
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have never detected any lesions the bones, periosteum, skin, 
mucous membranes, eyes, which thought could ascribed 
the presence Treponema pertenue infection. 

There have been fifteen rabbits which lesions uncertain 
nature were observed the scrotum. 


nine, the lesion consisted small reddish area developing about the site 
needle puncture and which soon became covered with fine scales opaque 
yellowish color; removal the scales revealed slightly moist weeping surface. 
There was slight thickening but induration the skin subcutaneous tis- 
sues, and spirochetes were never demonstrated the dark-field preparations 
obtained from the moist surface from fluid aspirated from the involved skin. 
most instances these superficial lesions showed periods regression followed 
recurrence, but eventually healing was complete with residual abnormality. 
size these areas averaged about 5.0 mm. diameter but one instance there 
was gradual enlargement until considerable portion the scrotum was affected; 
however, was practically healed days after inoculation. One rabbit showed 
similar rose colored patch the left scrotum (uninoculated side) which pursued 
course similar the patches the right scrotum; spirochetes could 
demonstrated the dark-field fluid aspirated from either patch. 


These lesions clinically were suggestive cuniculi infection, but 
other lesions developed about the genitalia, lips, nose, and 
organisms were never seen fluid obtained from them, may 
presumed that they were not caused Treponema cuniculi. 
ther hand, they were caused Treponema pertenue, they are 
inconstant features the infection induced intratesticular 
inoculation and may stated here that similar lesions have not 
been found occur with scrotal inoculations tissue emulsion with 
the implantation the scrotum bits infected testicular tissue. 
The significance these lesions not clear but may that they 
bear some analogy the furfuraceous eruption described occasion- 
ally preceding the papular yaw lesion man. 

There have been two cases large chancre-like lesions the right 
scrotum with similar but much smaller lesions the left following 
inoculation the right testicle. 


There was superficial ulceration the skin covered thin adherent scab 
with some thickening the surrounding tissues and base, but Re- 
gression and healing took place rapidly. Spirochetes were demonstrated fluid 
aspirated from the edge one right scrotal chancre (side inoculation) but were 
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not seen fluid obtained from the other and from neither the lesions occurring 
scrotum. thought that trauma caused the rabbit scratching 
biting the scrota might have contributed the production these lesions. 


There have been four instances small papule nodule the 
scrotum arising the general region needle puncture. Spirochetes 
were demonstrated one these. The nodules were very small, 
not more than 2.0 3.0 mm. diameter, translucent, greyish 
color, and indurated, and showed tendency toward ulceration. 
Regression and complete absorption took place was the case with the 
reddened patches scrotal thickening but was definitely more 
prolonged. 


DISCUSSION. 


The study large number rabbits inoculated intratesticularly 
with two strains yaws has shown that the manifestations the 
infection are essentially local and relatively mild benign 
character. 

The characteristic reaction associated with this mode inoculation 
granular finely nodular periorchitis. 


occurred, with one strain, the first rabbits inoculated from the patient, 
and the case second strain, rabbit the second animal passage, 
and has been almost constant feature the infection rabbits subsequent 
generations both strains. slight roughening the tunic few tiny nodules 
are first palpable about weeks after inoculation. During the succeeding 
weeks the nodules increase number and are quite thickly scattered over the 
tunic, after which regression usually takes place fairly rapidly that the 3rd 
month the tunic feels and appears entirely normal. cases, there may 
single nodule much larger size, pedunculated and warty irregular 
appearance. Some degree diffuse periorchitis generally present the height 
the nodular process and certain animals there may focal areas greater 
thickening. typical form, these alterations are confined the visceral layer 
the tunica propria and there seems little tendency for the parietal layer 
the scrotum become involved. 

Lesions the testicular parenchyma are, most instances, relatively slight 
and are insignificant compared with the changes the tunic. They consist 
diffuse swelling minor degree and small areas nodular thickening resist- 
ance situated, for the most part, superficial portions the organ. Occasionally 
small medium sized nodules may develop which are indistinguishable clinically 
upon inspection from similar testicular nodules caused pallidum. The 
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epididymis not infrequently has shown some enlargement and induration 
nodular character and quite often three four tiny nodules are found upon the 
surface its The head the epididymis has become involved more fre- 
quently than the tail and this may due, some instances, primary inocu- 
lation since the testicle always inoculated from above, and young rabbits 
especially, this structure offers little obstruction sharp needle. 


The infection produced rabbits these two strains spirochetes 
obtained from patients whose condition was diagnosed clinically 
yaws, presents several points contrast with that produced six 
strains Treponema pallidum which have studied for number 
years. first place, the granular periorchitis which has occurred 
constantly our yaws rabbits unlike any lesion the tunica 
propria observed the syphilis animals. 

The primary reaction the intratesticular inoculation tissue 
emulsion containing Treponema pallidum primarily within the 
parenchyma the testicle and two fundamental types. 


one group animals the reaction characterized intense cycle acute 
exudation and infiltration with lesser degree proliferation followed crisis 
and subsequent recurrence secondary cycles proliferative reaction minor 
degree. the other group animals the reaction more chronic character 
and consists largely infiltration and proliferation with more gradual progres- 
sion the entire process. intermediate group the reaction subacute, com- 
bining the same time the processes exudation, infiltration, and proliferation. 
cases outspoken infection, there diffuse involvement the tunic, epididy- 
mis, and cord, but the condition progresses the lesions undergo many changes 
and eventually the infection becomes centered one more foci commonly 
situated the epididymis, tunics, scrotum, mediastinum testis. the early 
stages acute orchitis which the covering the testicle commonly in- 
volved, the tunic often moist and sticky and presents glassy, semiopaque ap- 
pearance. section found diffusely thickened, usually quite resistant 
somewhat rubbery consistency. The diffuse thickening generally uniform. 
Later, when the testicular reaction has become chiefly proliferative, not un- 
usual find extensions from the testicle the parietal layer the tunic and 
the scrotum. most instances, these are nodular character and often reach 
considerable size. first they are somewhat gelatinous but soon become car- 
tilaginous consistency. number rabbits, however, the later in- 
volvement the visceral and parietal layers the tunica propria continues 
diffuse character and the two thickened structures are fused together and 
adherent that often impossible separate them. When the scrotum also 
becomes involved the extension the process necrosis the skin the rule with 
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the formation chancre. Such lesions the tunics are clinically apparent 
appreciable time after the height the acute orchitis, usually more weeks, and 
are distinctly secondary the testicular reaction, whereas the granular periorchitis 
associated with the infection isan early and decidedly the most prom- 
inent feature the reaction and ually sufficiently developed easily 
recognized palpation approximately weeks after inoculation. Furthermore, 
there little tendency for the process extend and involve the parietal layer 
the tunic the scrotum. The characteristic picture multiple tiny nodules 
minute granular bodies the tunic with without diffuse thickening this 
structure has never been observed experimental syphilis the rabbit. 


Occasionally Treponema pertenue and quite frequently Tre- 
ponema pallidum infections, small indurated nodule translucent 
appearance may develop the tunic scrotum both structures 
and some instances their situation leads one infer that they have 
occurred the site needle puncture. the syphilis rabbits such 
nodule frequently increases size that ultimately cm. 
more diameter and involves the scrotum ulceration the skin 
practically always occurs. the few cases which such lesion 
has occurred the yaws rabbits, has never developed beyond 
small nodule papule involving the parietal layer the tunica 
vaginalis all except four instances when was situated the 
scrotum. Ulceration the skin did not occur and ultimately the 
nodules regressed and healed. For the sake completeness, mention 
should made syphilitic condition the parietal tunic and 
scrotum which consists small flat papules plaques appearing after 
the development the primary lesion after its regression and 
healing. Such multiple foci may fuse together form larger nodules 
and, the scrotum, typical ulcerated chancres, they may continue 
discreet lesions small size. They are usually quite indurated 
and relatively persistent. Lesions this type have not been observed 
our rabbits inoculated intratesticularly with Treponema pertenue. 
Finally, should stated that lesions the tunics occurring con- 
nection with orchitis produced four strains Treponema 
pallidum low virulence differ respect from those observed with 
two strains high virulence except degree and the frequency 
with which such lesions occurred. 

second point difference between the infection these two 
strains Treponema pertenue and that experimental syphilis has 
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been the absence generalized manifestations the disease remote 
parts the body. 


Although pallidum infections the incidence secondary lesions well 
their number, type, degree severity, and duration subject wide variations 
depending upon many factors, their occurrence prominent characteristic 
the disease. strains low virulence for the rabbit, as, for instance, those 
recently isolated, secondary lesions are, rule, neither numerous nor marked. 
rabbits which have studied, inoculated with such organisms, lesions the 
eyes, chiefly keratitis, have not been uncommon, and there have been instances 
minor bone involvement and small cutaneous granulomata. Strains pro- 
nounced virulence for rabbits, such the Nichols and the Zinsser-Hopkins strains, 
may give rise many and very marked generalized lesions. contrast these 
conditions the fact that have never observed single lesion our yaws rab- 
bits which could ascribed other than metastatic orchitis and 
lymph adenitis. 


one may look upon the primary lesion the result the opera-* 
tion three factors, that is, the initial stimulus due the presence 
the organism and the sensitiveness and the reaction resistance 
the host, evident that the infection Treponema 
comparatively mild. The initial stimulus supplied these organisms 
does not arouse pronounced response upon the part the host which 
would manifested more extensive marked primary lesion. 
The degree response the site inoculation the order the 
less virulent strains Treponema pallidum, but has been mentioned 
above, secondary lesions occur with these strains. are forced, 
therefore, the conclusion that the strains Treponema pertenue 
with which have worked not produce generalized lesions 
remote parts the body comparable those encountered experi- 
mental syphilis. possible, however, that they are slight 
escape detection, that they occur unusual locations and such 
have not been recognized. making the comparison between the 
occurrence generalized lesions one class spirochetal infections 
and their absence another, attention should drawn the fact 
that during much the time our yaws experiments were carried out, 
secondary lesions experimental syphilis have been relatively mild 
and infrequent. may well be, therefore, that under circumstances 
more favorable their development, generalized lesions remote 
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parts the body will found occur experimental infections with 
Treponema 


third point difference the Treponema pertenue infection 
that clinical lymph adenitis does not occur with any regularity. 


characteristic feature experimental syphilis the rabbit the practically 
constant occurrence some degree involvement the superficial lymph nodes 
and especially the popliteal group, and while there are active primary and 
secondary lesions, the popliteal nodes are usually definitely enlarged and resistant 
indurated. Later, with regression and healing lesions, and subsequently, 
the period latency becomes established, some abnormality the popliteal 
nodes generally persists. Furthermore, has been definitely established that 
pallidum may recovered from the popliteal glands animal inoculation for 
long periods time after all syphilitic lesions have healed. The infection with 
pertenue which have seen differs from that pallidum regards char- 
acteristic lymph adenitis. inguinal adenitis has sometimes occurred and oc- 
casionally have had rabbits whose popliteal nodes have become much smaller 
and quite indurated fibrous, but there has been regularity their involve- 
ment. addition, have not been able recover spirochetes from the popli- 
teal nodes animal inoculation several months after healing the testicular and 
speak conclusively this point, and considering the ease with which organisms 
have been demonstrated the uninoculated testicle and least once the in- 
guinal lymph nodes, would seem not unlikely that they could also recovered 
from the popliteal nodes during the period activity the genital lesions and 
perhaps for some time subsequently. 


Finally, from the point view the transmission human in- 
fection the experimental animal, should like call attention 
the fact that, the case Treponema pertenue, the reaction infec- 
tion the rabbit bears some analogy that human 
cal yaws characterized variable number cutaneous papular 
lesions which, general, may said develop after the appearance 
the initial yaw and consequence dissemination 
organisms from the initial focus infection. would appear that 
under the conditions infection man Treponema pertenue possesses 
what might termed selective action for the skin. the rabbit, 
intratesticular inoculation tissue emulsions containing Treponema 
followed variable number nodules developing the 
tunic the testicle which, from their appearance, might called 
yaws serous membrane. Under these conditions 


ty 
a 
a 


688 INFECTIONS WITH TREPONEMA PERTENUE 


inoculation there appears selective action for the tunic covering 
the testicle. Furthermore, the course the cutaneous eruption 
the human disease tends towards spontaneous regression and healing 
and this tendency marked the case the periorchitis the 
experimental infection. The occurrence tertiary yaws described 
some writers and questioned others but, any event, lesions 
tissues other than the skin are not encountered this disease with the 
regularity which outspoken feature untreated syphilis. When 
the course syphilitic infection the rabbit compared with that 
man, particularly respect the lessened frequency well 
the type generalized manifestations, not surprising that such 
experimental infection yaws, generalized lesions are not abundant 
conspicuous. 

From the clinical study the infection produced rabbits 
testicular inoculation two strains spirochetal organisms derived 
from patients suffering from clinical yaws, would appear that 
are dealing with experimental condition different many important 
respects from that induced known strains Treponema pallidum. 
While this evidence not sufficient warrant the conclusion that 
Treponema pertenue and Treponema pallidum are distinct species 
organisms, clear that under the conditions with which have 
worked, these two strains Treponema pertenue possess certain 
biological characteristics which are not common Treponema palli- 
dum. far the lesions produced Treponema pertenue are 
concerned, the type periorchitis far associated with intrates- 
ticular inoculation has not been observed experimental syphilis 
and, addition, has been sufficiently characteristic serve 
distinguishing feature the infection. 


CONCLUSIONS AND SUMMARY. 


From study rabbits inoculated intratesticularly with two strains 
treponemata derived from patients suffering from clinical yaws, 
was found that characteristic feature the reaction the infection 
was well marked periorchitis granular finely nodular type 
with without diffuse involvement the tunic. While lesions 
the testicular parenchyma also occurred they were relatively incon- 
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spicuous and consisted either minor diffuse orchitis which was 
usually followed atrophy and fibrosis the organ, small 
nodules; there might combination diffuse and nodular lesions. 
The granular periorchitis could recognized clinically almost soon 
any change could detected the that is, about weeks 
after inoculation; the following month the covering the testicle 
became studded with numerous tiny indurated nodules. Subse- 
quently regression and healing took place and the majority 
animals lesions were found months after inoculation. some 
animals residual lesions persisted for long months. The 
granular periorchitis was practically constant feature the infection 
and was unlike any lesion the tunic observed experimental 
syphilis the rabbit. Treponemata were numerous the lesions 
the tunic and somewhat less the testicle itself. 

Dissemination organisms the uninoculated testicle and the 
inguinal lymph nodes was demonstrated animal inoculation 
although the clinical signs metastatic orchitis and periorchitis 
were slight and lymph adenitis was inconstant feature the 
infection. Generalized lesions remote parts the body, similar 
those occurring experimental syphilis the rabbit, were not 
observed. 
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EXPLANATION PLATE 24. 


Fic. days after inoculation. Typical periorchitis with practically 
diffuse thickening the tunic. The testicle slightly swollen and enlarged and 
there diffuse orchitis. 

Fic. days after inoculation. marked acute periochitis the character- 
istic granular type with slight diffuse thickening the tunic and two areas 


= 
Be 
ag 


690 INFECTIONS WITH TREPONEMA PERTENUE 


greater thickening. There moderate diffuse orchitis; the parenchyma 
swollen and the prominent lobulations are larger than normal. 

Fic. days after inoculation. Typical nodular periorchitis with slight 
diffuse thickening the tunic. The testicle slightly enlarged and the paren- 
chyma swollen with prominent lobulations. There one nodular area situated 
immediately beneath the tunic which cuts with increased resistance, projects 
slightly above the surface, and semitranslucent and pinkish yellow appearance. 

Fic. days after inoculation. Chronic granular periorchitis and orchitis 
the nodular and diffuse type. The lesion the tunic has regressed the ex- 
tent that the small nodules are generally confined two three areas. The tunic 
slightly congested but not diffusely thickened. The testicle also slightly con- 
gested but not enlarged and there are prominent large lobulations irregular 
character. There are several small and medium sized nodules projecting slightly 
above the level the cut surface. 

Fic. days after inoculation. Residual epididymitis. The head the 
epididymis approximately twice normal size while the testicle not enlarged. 
The typical periorchitis which was present weeks after inoculation has re- 
gressed almost completely, and this time the tunic shows only slight thicken- 
ing with few tiny opaque points. The slight diffuse orchitis has likewise prac- 
tically disappeared. The enlargement the head the epididymis nodular 
character and approaches the granulomatous syphilide its induration; sec- 
tion, the cut surface presents moist, glassy, and semitranslucent appearance. 
There are several tiny nodules similar those the periorchitis its substance. 
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(Pearce and Brown: Infections with Treponema pertenue.) 
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